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FOREWORD

This research was conducted for the Office of the Assistant Chief of Engineers
(OACE), under Project Facility Technology Applications Tests (FTAT); Work Unit.
"Multipurpose Training Ranges." The work was performed by the Environmental Division
(EN), U. S. Army Construction Engineering Research Laboratory (iJSA-CERL). Mr. Don
Randel (DA2'N-ZC['F-B) was the ()AC F Technical Monitor.

The assistance of S. Apfelbaum, K. A. Hleiman, C. Sams, aod N. Thomas (Applied
Ecological Services) and T. J. Ward (New Mexico State University) in conducting the field
tests, sediment yields study, and management option analysis is acknowledged.

Dr. R. K. Jain is Chief ol USA-CERL-EN. COL Norman C. Hintz is Commander
and Director of USA-CERL, and Dr. L. R. Shaffer is Technical Director.
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I)EVEILOPMENT' ENVIR()NMENTAI, GUII)ELINES
FOR MUilTIPUPPOSE RANGE COMPLEXES,
VOLUMEII: DESCRIPTION OF FIELD TESTS,

SEI),MENTS YIELDS, AND OPTION ANALYSIS

1 ECOLOGICAL CONDITION OF THE LAND AND WILDLIFE

IN AND ADJACENTTO THE MULTIPURPOSE RANGE
COMPLEX, FORT RILEY, KANSAS*

Introduction

Federal environmental mandates require that impacts associated with changes in

military training activities be assessed. This study was designed to determine the

ecological impacts of construction, use, maintenance, and operation of the proposed

Multipurpose Range Complex (MPRC) at Fort Riley, KS. This is a newly designed facility

for conducting training activities on Abrams and Bradley tracked vehicles. The facility

will encompass 4500 by 1000 m with additional acreage for a control facility, vehicle
holding, several shelters, and a safety fan.'

The goals of this study were to: 114"establish a program of scientific investigation

using standardized techniques of data acquisition and analysis and-(2) evaluate the

baseline ecological condition of the proposed MPRC system grounds and establish a

program capable of monitoring long-term ecological dynamics and impacts of military
activities.

The Study Region and Stucdy Areas

Fort Riley is located in northeastern Kansas (Figure 1) in Riley and Geary
Counties. The main post is just north of the confluence of the Republican and Snoky Hill

Rivers. The Fort contains more than 100,000 acres (40 914 hectares) and occupies

historic range and crop acreage, including native prairie and riparian ,forest systems.

Some land is currently used for agriculture and for plantings to enhance wildlife

habitat. Most of the facility is managed for several wildlife species, with emphasis on
game animals. Major crops grown in and around the facility include wheat, grain

| sorghum (mito), corn, alfalfa, and soybeans. The MPRC and the study areas are located

in the northwestern sector of Fort Riley.

'Prepared by Karin A. Hleiman, Chuck Sams, and Neil Thomas, Applied Ecological

Services, Juda, WI.
Fort Riley Afulti-Purpose Range Complex Erosion Control Manual (U. S. Army Engi-

neer Waterways Experiment Station, 1982).
Draft Environmental Assessment: Multipurpose Training Range Complex (MCA Project

Number T519 (Fort Riley, KS, 6 August 1982).

SFive Year Wildlife Management Plan, Fort Riley Military Reservation, KS (Fort Riley,

March 1982).
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Figure 1. General location of Fort Riley, KS.
Ci.

Topography and Climate

At Fort Riley, the Flint Hills are dissected by numerous streams cutting down to
the bottoms of the Smoky Hill and Kansas Rivers. Rock outcrops border some steeper
hillsides and some river floodplains. North and west of the Flint Hills region is an area of

undulating upland prairie with deeper soils and fewer outcrops. About 35 percent of the
post is upland prairie, 55 percent broken hilly country, and 10 percent riparian and river
valley. Elevations range from 1025 ft (312 m) in the bottomlands of the Kansas River to

1350 ft (411 m) on hilltops."

Climate greatly influences the vegetation of Kansas. Mean annual rainiall is 20 in.

(51 cm) in western Kansas and increases to 40 in. (102 cm) to the east. Precipitation is
heaviest in early summei, with about 75 percent of the annual 33 in. (838.2 mm)
occurring during the growing season. Summer precipitation frequently occurs as
thundershowers. Winters are generally clear and dry with snowfall averaging from 22 to
36 in. (558.8 to 914.4 mm) annually. Slightly greater precipitation falls in the eastern
areas of Riley and Geary Counties. Mean monthly temperatures range from 25OF (-4 0 C)
in winter to more than 80OF (27 0 C) in summer. Fort Riley has moderately cold winters
and hot summers.

4Draft Environmental Assessment: Multipurpose Training Range Complex.
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Soils

Soils on Fort Riley include river bottom soils, terrace and stream valley soils,
upland prairie soils, and soils on hilly, often rocky areas.5 River botto-n alluvial soils
were carried from the high plains to the west and northwest and range from pure sand
through sandy and silty loams. These soils support woodlands and grasslands. Terrace
soils are formed from materials eroded from limestone, shale hills, and ancient river
sediments, and they occur in bottomlands. These soils are variable, ranging in texture
from sand.y loams to silty clays to clay loams. Upland prairie soils were formed on loess
deposits by tre natural breakdown of the stone hills. In the Flint Hills, soils are
relatively thin and "cherty"; away from these hills, upland prairie soils are thicker, with a
heavier textuce and more clay in the subsoils.

The study sites have six general soils types. Although they vary, they have some
characteristics in common. Because of their high niontmorillonite clay content, the soil
structure is blocky, and soils may have a high shrink-swell potential that may create
instability. Permeability is slow, and erosion putential is usually high. On some soils,
water availability is very low, which favors drought-tolerant plants. Most topsoils are
slightly acidic, except the Clime-Sogn soil complex, which is quite alkaline.

The loamy upland soils (Wymore) are generally deep loess soils. When in good
condition, they produce an average of 5000 Ib/acre of air-dried herbage. This is
contrasted with shallow limv uplands (Clime-Sogn complex), which average about 2500
lb/acre or the alluvial lowlands, which can average 8000 lb/acre. The loamy upland soils
generally have low shear strength and are very susceptible to compaction and compres-
sion. They have good potential for agriculture and for wildlife use.

Wymore silty-clay loam comprises most of the prairie test and control site soils and
some of the riparian test area. These are generally dark soils with topsoil 13 in. deep and
subsoil 25 in. deep. Tilling and perhaps military use has eroded the topsoil over most of
the area, so there is a mixture of top and subsoils.

Reading silt loam on 0 to 3 percent slopes, and Irwin silty clay loams, which was
formed from clay shales, occur on gently sloping soils in the study areas. Both have
subsoils at I1 in. that extend to more than 40 in. deep. Irwin soils have a blocky
structure that increases their susceptibility to washing and runoff.

Areas with Clime-Sogn complex soils are calcareous and are found on 5 to 20
percent slopes. Clime soils usually occur below limestone outcrops, while Sogn soils have

* thin topsoils and occur directly on bedrock. Both soils have high erosion potential.

.\luvial lolMand soils -ire a mixture of soils from adjacent uplands and upstream
irons; their us.- is restricted due to frequent flooding. An associated type of soil--the

- Hrc:ks *\lluvial compiex--oveurs in V-shaped drainages associated with tilled land.
Hoc:luso slopes r:inie Trom 0 to 50 percent and soil water permeability is poor, most of

Sthese areais arc not suit able tor cult ivation.

Prairie test and control sitos were mainly Wymore soils in various erosional
conditions. The prairie control site encountered Ready soils on the western section of
on. transect, and was borderel to the south by Clime-Sogn Series. The other transects

Soil Conservation Service, Soil Sur-vey of Riley County and Part of Gearv County,(U. S.
Department of Agriculture, June 1975).

9
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may have had patches of Irwin Series. The prairie test portion also had patches of Break-
Alluvial, Irwin, and the Clime-Sogn Series.

The riparian control sites were made up of Reading (and on occasion Wymore) soils
in level areas, Irwin soils on some slopes, alluvial soils in creek bottoms, and break-
alluvial soils along two transects that followed drainages toward Madison Creek. The
riparian test site was covered by Wymore soil, some Reading soil, and patches of
Alluvial, Irwin, and Clime-Sogn soils.

Vegetation

The presettlement vegetation of Fort Riley was "tallgrass" prairie or, uplands and
deciduous forests in drainages, floodplains, and adjacent hillsides.b The prairie is a part
of the "bluestem" prairie that covers the Kansas Flint Hills and makes up 75 percent of
numerous species, including big and little bluestem (Andropogon gerardii and Andropogon
scoparius), Indiangrass (Sorghastrum nutans), and others. Riparian forests are dominated
by oak (Quercus macrocarpa), elms (Ulmus rubra), maple (Acer saccaharinum), ash
(Faxinus spp.), and common hackberry (Celtis occidentalis).

Fort Riley has five natural and four cultural vegetation types.;

This study focused on two of the natural classes: the riparian system and' the

adjacent grasslands. Agriculture is the predominant use of adjacent lands.

Ecological impacts of tracked vehicles can best be understood in the context of
vegetation succession after disturbances. These impacts include modifications of the
vegetation from land clearing, direct contact between vegetation and milita:y vehicles,
and indirect impacts such as erosion.

Potential study sites for this investigation had to have a representative mix of

vegetation associations in the MPRC and adjacent areas. Most prairie study areas were
disturbed prairie and fallowed agricultural lands. Ripariar areas had been timbered and
showed secondary growth. Most woody plants in riparian areas were less than 90 years
old, with the majority less than 30. Shrubs and saplings were most abundant in a fringe
of woody vegetation encroaching on the prairies from the riparian areas. Based on tree
ring analysis, mo~t shrubs were also less than 25 years old.

Plant succession generally' follows agricultural abandonment of lands. This includes
the initial establishment by annual plants in recently disturbed areas, and their gradual
replacement by biennials, and then short- and long-lived per2nn~als, including trees and
shrubs. At Fort Riley, asters (Aster spp.), goldenrods (Solidago spp.), thistle (Cirsium
spp. Cardus nutans), and several other plants occurred in recently fallowed lands. Unlike

areas in the eastern deciduous forest, where most secondary successional studies have
been done,3 woody vegetation may not be as important in prairie succession because of

6A. W. Kuchler, "A New Vegetation Map for Kansas," Ecology, Vol 55 (1974), pp 586-604.

'D. L. Williams, Report -o Accompany Vegetation Maps of Selected Portions of Fort
Riley, KS (1978).

6D. W. Johnson and E. P. Odum, "Breeding Bird Populations in Relation to Plant

Succession on the Piedmont of Georgia," Ecology, Vol 37, No. 1 (1956), pp 50-61; J. R.
Karr, "Habitat and Avian Diversity on Strip Mined Land in East Central Illinois,"
Condor, Vol 70, No. 4 (1968), pp 348-357.
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the reduced importance of woody vegetation in this region. Where planted, wood species
were important only in stream courses and in several areas that were being invaded by
trees from the riparian systems.

The Study Sites

The prairie study sites wcre extensive, disturbed areas dominated by exotic plant
-;ec:es, with several small, relati'elý natural, native prairie communities. Most prairie
study sites had been farmed. Based on woody plant ages, most farmed areas were
fallowed 15 to 25 years ago. Several areas were more recently fallowed and had a
weedier vegetation that included thistles (Ambrosia artemisiifolia) and ragweed
(A.mbosia psilostehya). Madison Creek and some larger tributaries were the only areas
with continuous riparian vegetation. Prairie dominated the uplands. There was often a
very abrupt boundary between prairie and riparian, possibly indicating wildfire. In some
cases, this was related to farming activities. Narrow rioarian corridors were on the
western side of Madison Creek, while better developed systems were on the eastern
banks. This is likely the effect of wildfires that burned from a predominantly westerly
direction until encountering natural firebreaks such as Madison Creek. Many older trees
on the west bank had multiple fire scars. Small reentrants in the prairie were dominated
by prairie plants and low-growing shrubs (Symphori carpops, Cornus sp.), with occasional
cottonwoods, ash, willow, and osage orange.

Several areas with standing water had growths of sedges, rushes, and some rooted
aquatic plant species. Prairie cord grass (Spartina pectinata) was often associated with
such areas. In general, prairie grasses occurred along moisture- and soil-type gradients,
with side-oats gramma (Bouteloua curtipoendula) and little bluestem on highest, driest
areas, especially on rock exposures; bluestem and indiangrass occupied intermediate
moisture soils; cord grass (Spartina pectinata) was found only in wetter areas.

Small patches of upland prairie, usually on sha!low soil over exposed rock, were not
plowed and perhaps were only grazed or hayed in the past. These parcels retained an
"appe:arance and a plant species composition that were probably similar to the prairie
before farming disturbances. All prairie transects contained small, undisturbed prairie,
recently fallowed farm fields, and land that was plowed in the early 1900s. The recently
disturbed areas had an abundance of annual weed species; older plowed grounds had fewer
and less productive growths of these weed species and were dominated by native prairie
grasses. However, the widespread presence of ironweed (Vernonia spp.), bluegrasses (Poa
"spp.), Japanese brome grass (Hromus iaponieus), ragweeds (Ambrosia spp.), and thistle-s
suggested that the historic prairie disturbances had been ex-tensive-and the prairie soil
s:ig-nificantly disturbed to select for disturbed-site plants. Tank ruts in the prairies were
.,getated by plants that were also found in recently fallowed lands. Ruts were usually
1,,,ing invaided by vegetation from alongside the tracks. Production and stature of plants

"I *he ruts were supOressed, and plant species richness may have declined. Some ruts

'ere bare for several rowing seasons based on ages of tree saplings in the tracks.

Methods

Sixteen sites (eight test and eight control) were chosen in and adjacent to the
MPRC to study riparian and prairie vegetation types. The test sites for both vegetation
typos were located in areas expected to receive impacts from the MPRC. The condition.
'of the control areas was to be left relatively undisturbed by military activities. Four

"*" control and four test transects, 800 m long, were established and flagged in each study

S11
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area. Transect locations chosen in various representative areas were the locations for all
ecological studies, and were permanently marked with 1/4-in.-diameter rebar (Figure
2). Field reconnaissance, aerial photographs, and maps were used to ensure that the
study areas were similar physiographically and vegetationally, and had relatively similar
anthropogenic and natural disturbance histories. An additional criterion for site
selpction was that all areas had to be within USA-CERL's Geographical Information
System (GIS) stuJy area. Because of the relatively narrow MPRC area, some test areas
were located on adjacent land that will likely be modified 3nly by MPRC use, and not by
construction.

Disturbance History

Historic uses of land in the study areas were investigated to de~ermine their
influence on the existing ecological systems. Anthrooogenic and natural disturbances in
and around the study areas were investigated using 1956 aerial photographs (1:20,000).
Ages of woody plants (determined with an increment core sampler) were used to
determine when agricultural fields may have been fallowed; woodland tree ages were
used to date major disturbances.

Vegetation Studies

Woody Plants

Woody vegetation was sampled using four 100- by 2-m belt transects (800 m square)

for each riparian study area. Sixteen transects (four along each 800-m transect) were
sampled. A combination of riparian edge and interior was sampled along each transect.
Woody vegetation data consisted of tree and shrub stem counts, diameters, and canopy
cover to the nearest 0.1 m. Woody species in each sample transect were identified, and
those with sterns taller than I m or diameters greater than I in. (25.4 mm) were

measured for diameter at breast height (DBH). Stem-size class frequency distributions
were prepared with these data. Woody species canopy cover was measured in two ways:
(1) by canopy intercept--a measurement of woody plant cover that intercepts each 100-m
transect and (2) by using a sighting tube with cross hair3 and tallying the number of tree
stems intercepted above 80 sampling points along each 800-m transect. The heights and
diameters of the tallest trees along but not necessarily in each riparian study transect
were measured with a Leitz abney level and DBH tape. The ages of these and represen-

tative smaller-diameter trees were determined by increment core sampling techniques.
These data were used to investigate the disturbance history, successional status, and
recuperative potential of the forested areas. Transects for the study of woody vegeta-
tion were not established in prairie areas.

Herbaceous Vegetation

All vegetation less than I m tall was sampled in 1-m circular quadrats, iocated

every 15 m along each 800-m transect in the riparian and prairie study areas. Plant

species were identified in each of the 50 quadrats of every transfet, and their percent
cover estimated and recorded. The data were used to analyze relative plant cover and
frequency (percent of sample quadrats in which each plant species occurred) in each
study transect. Fifty quadrats were established ii each 800-m transect. Plant voucher
collections of most plant species in the study transects were made. Plant specimens
were pressed, labeled, and mounted on herbarium paper. All identification and

12
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nomenclature follow Pare and Gleason. Herbarium specimens (153 species) were
deposited at the USA-CERL and Fort Riley Herbariums. Searches for Federal and
Kansas special-status plant species were conducted during all field studies.

Avian Studies

Birds were studied using Emlen transect techniques. Surveying was done daily
for 3 to 4 hours by two independent observers at a slightly slower speed than suggested
by Emlen, because of the noise created from moving through the vegetation. Locations
of all birds observed or heard were plotted on prepared survey forms. Plotting and
analysis were done withmn 25-m-wide belts parallelling boh sides of the 800-m study
transect to a distance of 100 m. The number of individuals for each species was
determined, and then averaged over the four 800-m transects in each study area. For
standardization with other studies, bird density has been reported as the number of birds
in 100 ha. Surveying along each study .ransect was terminated when all or most of the
individual birds were consistently replotted in the same areas during multiple surveys.
three surveys were conducted in each study transect. Bird nomenclature follows the
U. S. Fish and Wildlife Service Bird Banding Manual. "

Small Mammals Studies

Small mammals were sampled using 60 traps (four rat traps, 23 museum specials,
and 33 mousetraps) for four consecutive days (960 trapdays) along each of the sixteen
800-im transects for a total of 3840 trapdays. Traps were baited with peanut butter and
oatmeal and set at 5-m intervals. Traps were checked each morning, rebaited, and
reset. Most captures were submitted as voucher specimens to USA-CERL. Mammal
nomenclature follows Hall and Nelson. 12

Vegetation Mapping

Vegetation in the MPRC and peripheral acreage included in the GIS high-resolution
window was mapped on 1:24,000, color, infrared aerial photographs provided by USA-
CERL. Classification of vegetation generally follows Williams.' 3

3J. A. Bare, Wildflowers and Weeds of Kansas (Regents Press of Kansas, 1976); H. A.
Gleason, The New Britton and Brown fllustrated Flora of the Northeastern United
States and Adjacent Canada (Hafner Press, 1952).

I 0J. T. Emlen, "1971 Population Densities of Birds Derived From Transect Counts," Auk.
Vol 88(1971), pp 232-342.

''North American Bird Banding Manual, Vols I and 2 (U. S. Department of the Interior,
Fish and Wildlife Service, 1976).

12E. R. Hall and K. R. Nelson, The Mammals of North America, Vols I and 1I (Ronald
Press, 1959).

13 D. L. Williams.
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Results

Vegetation Studioz',

Woody Vegetation. There was no measurable weody vegetation in the prairie test

or control study areas. Based on canopy intercept along 2- by 100-m belt transeets
(Tables I and 2), plant species composition and total intercept (canopy cover) measure in
the rip:irian test and control were very similar. The percent of the 1600-m transects
covered by woody vegetation in these study areas was also similar, with both havi,.g 60 to
S0 percent ca,-opy intercept. Slippery elm (Ulmus rubra) dominated the test areas,
followed by haekberry (Celtis occidentalis). Ash (Fraxinus pennsyyvanica) and black
walnut (Jugians nigra) were co-dominants along the riparian test transects. Based on
total intercept, hackberrv also dominated the control, followed by slippery elm, dogwood
(Cornus spp.), honeylocust (Gledistsia triacanthos), and coralberry (_Symphoreiaroos
orbiculatus). Based on species richness, the riparian control site was slightly more
diverse, having 22 species eomp:ired to 20 in the riparian test area. Two of the dominant
species in the test area--walnut and burr oak (quyercus macrocarpa)--were not found in
the control transects.

Stem-size class frequency distributions of woody plants (Tables 3 and 4) showed
that the study areas had very similar total densities of smaller live woody plants (0 to 5

em DBII), with 1400 to 1632 stems noted in an area of 1600 m2. The number of dead,
smaller-size stems was higher in the test study area, with 177 compared to 75 in the
control. The largest tree, whose diameter was 65 to 70 cm, was in the riparian test
area. Woody plant density in the riparian test site was slightly o.ore variable, based on
standard deviation of mean densities. This suggests that the test area was better-
developed riparian, having a larger, older component, and that it was a slightly patchier
forest than the control areas.

Density for tm-ee ano shrub species along the same study transects (Table 5) showed
slight species dominance shifts from the cover data. However, these data generally
support an assessment similar to the stem frequency distribution analysis. The test area

•1d slightly higher live and much higher dead stem density than the riparian control. The
clonal shrubs, coralberry (Symnphoriearpos orbieulatus), dogwood (Cornus spp.), and
leadplant (Amorpha frutieosa) showed higher densities in the controls. Slippery elm
(Uimus rubra), ciders (Sambuscus Chnadensis), smooth sumac (Rhus glabra), plum (Prunus
americana), walnut (Juogans nigra), Kentucky coffee tree (Gymnnocladus), and green ash
(r raxinus) had higher densities in the riparian test area.

The riparian test are. had almost 100 more intercepted branches (Table 6), but
slightly more viable intercept among sample points. The mean number of intercepted
branches (based on 294 sampling points) was also slightly higher in the riparian test than
:r. the control area. A total of 291 samples were taken in the control area.

In the ripari:,,l test area, average tree diameter was slightly larger (Table 7), while
tree heights were slightly smaller. The average tree height and diameter were about 10
m and 40 cm, respectively.
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Table 3

ierequency D;stribution (Number of Stems) of Live and Dead Woody Stems Greater
Than I m Tall or 2.5 cm in Diameter, Measured Along Four 2- by 100-m Transects

Along Each of Four 800-m Study Transects (13-26 June 1984)

RIPARIAN TEST STUDY AREA

AREA ATI RT2 RT3 RT4 T
otal TotIdead MEA SDTO

SIZE CL.
2.•to5

vcta1 549.0 236.0 461.0 381.0 1432.0 408.ý 115.7Mean 274.5 118.0 233.0 190.5
Dead 40.0 11.0 :4.0 "010 117.0

Sto 10
Total 28.0 29.0 4.0 09.0 11.0 20.3 9.0
Me0A 14.0 14.0 3.0 9.,
Dead 3.0 1.0 0.0 1.0

10 to IS
Total 10.0 15.0 3.0 5.0 13.0 5.3 4.7
Mean 5.0 7.5 1.5 2.5
Dead 3.0 2.0 0.0 0.0 S.8

1S to 20
Total 7.0 8.0 0.0 7.0 22.0 5.5 3.2
mean 3.5 4.0 0.0 3.5
Dead 1.0 1.0 0.0 2.0 +.0

20 to 25
Total 0.0 0.0 0.0 1.0 1.0 0.3 0.4
mean 0.0 0.0 0.0 0.5
Dead 0.0 0.0 0.0 0.0 0.0

Total 1.0 0.0 1.0 2.0 4.0 1.0 0.7
Mean 0.5 0.0 0.5 1.0
Dead 0.0 0.0 0.0 0.0 0.0

301toM
Total 1.0 1.0 1.0 1.0 4.0 1.0 0.0
%an 0.5 0.3 0.5 0.5
Dead 0.0 0.0 0.0 0.0 0.0

3 t044
Total 2.0 1.0 0.0 0.0 3.0 0.5 0.6
klan 1.0 0.5 0.0 0.0
kad 0.0 0.0 0.0 0.0 0.0

40 to 45
Total 0.0 0.0 0.0 1.0 1.0 0.3 0.4
Mean 0.0 0.0 0.0 0.5
Dead 0.0 0.0 0.0 0.0 0.0

45 to 50
Total 0.0 0.0 0.0 0.0 0.0 0.0 0.,
Meal 0.0 0.0 0.0 0.0

Dead 0.0 0.0 0.0 0.0 0.0
S0 to 55

Total 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%eAm 0.0 0.0 0.) 0.0
Dead 0.0 0.0 0.0 0.0 0.033 to 60
Total 0.0 0.0 0.0 0.0 0.0 0.0 0.0
mean 0.0 0.C 0.0 0.0
Dead 0.0 0.0 0.0 0.0 0.0

60 to 43
Total 0.0 0.0 0.0 0.0 0.0 0.0 0.0
mean 0.0 0.0 0.0 0.0
Dean 0.0 0.0 0.0 0.0 0.0

43 to 70Total 0.0 0.0 0.0 1.0 1.0 0.3 0.4 C
Rean 0.0 0.0 0.0 0.5
Dead 0.0 0.0 0.0 0.0 0.0

70 to 7!
Total 0.0 0.0 0.0 0.0 0.0 0.0 0.0
mean 0.0 0.0 0.0 0.0
kead 0.0 0.0 0.0 0.0 0.0

75 to 80
Total 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mean 0.0 0.0 0.0 4.0
Dead 0.0 0.) 0.0 0.0 0.0

ja to a-
local 0.0 0.0 0.1 1.0 1.0 0.3 0.4
Mean 0.0 0.0 0.0 0.!
Dead 0.0 0.0 0.0 0.0 0.0

TOTALS 598.0 289.0 477.0 419.0 17O3.0 191.0
R(AC 38.2 17.0 28.1 24.6 74.3
STD 132.6 56.9 112.9 92.0 325.3
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Table 4

Frequency Distribution (Number of Stems) of Live and Dead Woody Stews Greater
Than I m Tall or 2.5 cm in Diameter, Measured Along Four 2- by 100-m
Transects Along Each of Four 800-m Study Transects (13-26 June 1984)

RIPARIAN CONTROL STUDY AREA

AREA PCI MC2 RC3 RCi Total Tct/dead (AEl STD

SIZE C.
2.5 to 5

Total 379.0 193.0 293.0 513.0 1409.0 352.0 lI.4
RAeA 189.5 96.5 141.3 276.5
Dead 6.0 4.0 S.0 40.0 7r,0
3 to 10
Total 21.0 7.0 9.0 22.0 39.0 14.8 6.8
Mean 10.5 3.5 4.5 11.0
had 0.0 0.0 2.0 2.0 4.0

10 to 15
Total 6.0 6.0 6.0 4.0 22.0 5.5 0.9"VM• 3.0 3.0 3.0 2.0
kod 1.0 0.0 1.0 0.0 1.0

15 to 20
Total 0.0 2.0 1.0 2.0 5.0 1.3 0.8
*daA 0.0 1.0 0.5 1.0
Dead 0.0 0.0 0.0 0.0 0.0

20 to 75
lotal 0.0 0.0 1.0 0.0 1.0 0.3 0.4
ReM 0.0 0.0 0.5 0.0
Dead 0.0 0.0 0.0 0.0 0.0

23 to 30
Totil 0.0 1.0 0.0 0.0 1.0 0.3 0.4

0an 0.0 0 5 0.0 0.0
Oad 0.0 0.0 0.0 0.0 0.0

30 to 35
Total 0.0 0.0 0.0 0.0 0.0 0.0 0.0
rM 0.0 0.0 0.0 0.0

iead 0.0 0.0 00 .0 0.0
Total 0.0 0.0 0.0 1.0 1.0 0.3 0.4

4 t 1.0 00 0.3 0.40,M 0.0 0.5 0.0 0.0
,id 0.0 0.0 0.0 0.0 0.0

45 to 45
Total 0.0 0.0 0.0 0.0 0.0 0.3 0.4moa 0: 0.0 0' 0.0 O.N

Dead .0.0 0.0 0.0 0.0S43 to 5
t ~ ~Total 00 0.0 0.0 . 000, 00

b0 ad 00 0.0 0.0 0.0 0.0

bead . ~ ~ ~ .
60 to 65

Total 0.0 0.0 0.0 2.0 2.0 0.0 0.9
ArM 0.0 0.0 0.0 1.0
Dead 0.0 OC 0.0 0.0 0.0

65 to 1A
Total 0.0 0.0 0.0 C.0 0.0 0.0 0.9
%tan 0.0 0.0 0.0 0.0
•edl 0.0 0.0 6.0 0.0 0.0

70 to
Total 0.0 .0 0.0 0.0 0.0 0.0 0.0
4 Read, 0.0 0.0 0.0 0.0
bead 0.0 0.0 0.0 0.0 0.0"67 to 70
Total 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Reo 0.0 0.0 0.0 0.0
Dead 0.0 0.0 0.0 0.0 0.0

70 to 73
Total 0.0 0.0 0.0 0.0 0.0 0.0 0.0S...... i~mean 0. 0. 0, 0.
kid¢ 0:.O 0: .00 D 0.0 0. 0.0

, 75 to 80
-total 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Ara 0.0 0.0 0.0 0.0

,-Total 0.0 0.0 0.0 0.0 0.0 0.0 4.0
pMan 0.0 0.0 0.0 0.0

Deai 0.0 0.0 0.0 0.0 0.0

TOTALS .'. o .~4. 1502.0 31.0

Pt A4 i' I. ~ 62.6
5SI 2.3 .... . • 20.6
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Table 5

Density (Stems/320Um 2 ) of Live and Dead Woody Plants Greater Than 1 m Tall
or Greater Than 2.5 cm DBIi as Measured in Four 100-by 2-m Wide Transects

Along Each of the 800-m Study Transects (13-26 June 1984)

RIPARIAN CCNTRIL PIPARI4N TEST

SPECIES LIVE DEAD LIVE DEAD

Aci n?;uid 3
A?.r sacciriniU-

1wor h a fruiticosa 107 7
{lt3l:a Spec1sa 5 3

1eltis orcideitalis 51 7 122 9
Cormus spp. 470 59 118
Fr-imi us pwsySvlnica 15 1 44 7
G1elts:a trlacýt"Os 38 3 22 4
Gy-mv,Iadus dioicui 3 20 1
Juglanms Pila 49 3
Juaive-us Virgqniana 6
Macura po i.erf 10 65 11
1-'Js a lba (nposp'.'
I'. -"L'O " 6 1 18
•ato*nocisus ,Uln'le 11 2
PýPulus deltoit s 4SL"U!t! al'IC14 22 214 12

4
•''. g •-29 319 36
Ritel il5S'jrjr's? 31 115 5

.a uu.. a3..?sA s 29 5 119 93
SyI.PCricp'pcs C1C-.',I'tuS 516 237
U #us rbra 67 1 199 10
Vitis sp. 5 3
ufnlono Vint 2 12

TOTAL 1421 81 1592 191
PEN 67.7 9 79.6 17.4 -•
ST1 140.5 17.8 92.1 25.5

Table 6

Total and Mean Canopy Intercepts (Number of Branches Using Sighting Tube)
for Riparian Control and Riparian Test Areas (13-25 June 1984)

IRANSECT TOTAL MEAN STO N VALUE

Riparian Control I H8.0 0.7 1.4 80.0

Riparian control ? 12.0 0.2 0.6 r9. 0
Riparian control 3 91.0 1.1 0.6 80.0

Riparian Control 4 28.0 0.4 1.0 72.0

Riparian Control Total 189.0 0.6 1.3 291.0,..

Riparian Test I 145.0 1.8 2.3 80.0

Riparian Test 2 32.0 0.5 1.1 65.0

Riparian Test 3 53.0 0.8 1.4 70.0

Riparlan Test 4 54.0 0.7 1.3 79.0

Riparian Test Total 284.0 1.0 2.3 294.0
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Table 7

Tree Heights and D)1311 Reading From Selected Large Trees
in the Riparian Test Ar~ea (13-26 June 1984)

a. Test Area.

TREE
SPECIES DBM HEIGHT

(Co.) (meters)

Celtis occidentahis 30.50 7.90
Celtis OCC~dentlds 20.30 8.10
Celtis occidentalis 27.90 8.80
Celtis occidentalis 30.5 7.9
Fraxinus pennsylvanica 22.W 9.20
Fraxinus pennsylvanica 56 i2.00
Gleditsia triacanthos 3'3.00 8.30
Juglans nigra 40.60 9.00
Quercus sacrocarpa 71.10 12.70
Quercus oacrocarpa 25.40 10.10
Quercus sacrocirpa 76.20 12.00
Qu~rcus eacrocarpa 63.50 L2.20
Quercus maarocarpa 76.20 8.60

Miean + St. D. 42.6 + 21. 9.6 + .

b. Control Area.

TREE
SPECIES IBH HEIGHT

(Co.) (meters)

Celtis OCCIdentalls 25.40 9.40
Ceitis occidentalis 25.40 9.20
Ceitis occidentalis 15.20 8.60
Celtis occidentalis 35.60 9.00
Celtis occidentalis 30.50. 7.40
Celtis occidentalis 40.60 9.40
Celtis accidentallu 35.60 8.60
Celtis occidentalis 81.30 9.90
FraXinus pennsylyanica 45.70 7.90
Fraxinus pennsylvanica 35.60 9.90
Fraxinus pennsyivanica 3 8.10 13.50j
Fraxinus pennsylvanica 83.80 16.40
Frixinus pennsylvanica 38.10 13.70
Fraitnus peonsVIvanica 35.60 13.70
Fraxinus penASyIvjAnCa 3 5.60 12.50
Populus deltoides 48.30 12.50

P1flean St. D. 40.6+ 18.2 10.7 + 2.6S
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Herbaceous Vegetation. Eight hundred quadrat samples were analyzed along the
study transects in the prairie and riparian control and test sites. Calculations were made
of plant species relative cover, relative frequency, sum (an importance value), and the
mean and standard deviations for these three indices (Tables 8 and 9). Total quadrat
vegetation cover values (Table 10) were similar in both the prairie and riparian test and
control sites and averaged more than 100 percent because of the multilayered vegetation
usually present. Based on cover and importance values, the riparian study areas (Table 8)
were dominated by several species: Japanese brome grass (Bromus japonicus), sunflower
(H-elianthus annuus), bluegrass (Paa sop.), European brome grass (Bromus inermis), and
coralberry (symphoricarpos) Other species that codominated only in the riparian test
area included crown-beard (Verbisian alternifolia), nettle (Urtica dioica), and wild rye
(Elymus canadensis). Brome grasses had a higher importance in the riparian test
transects, which were close to fallowed farm fields. These species were also present and
important in the riparian control. The riparian test study area was slightly more diverse
than the control area, with 72 vs. 63 quantitatively sampled species.

In the riparian test area, vegetation had a more equitable distribution of impor-
tance values and more species were dominant; no species had an importance value of
greater than 57, in comparison to a value of 82 for the control area. These two areas, .
which shared more than 50 percent of their species, had 45 species in common. This
represented 62.5 percent and 71.4 percent of the species in the riparian control and test
areas, respectively. Virtually all dominant species were important in both areas, except
for crown-beard, which was not sampled in the control area.

The prairie control and test areas (Table 9) each had 68 sampled species, most of
which were common to both areas. Based on mean relative cover, the prairie control was
dominated by bluegrasses (Poa spp.), brome grass (Bromus inermis), big bluestem grass
(Andropogon gerardii), and western ragweed (Ambrosia psilostachya). These species had
an average quadrat cover of 9.3 percent. Yellow sweet clover (Melilotus officinalis) and
small ragweed (Ambrosia artemisiifolia) also had high cover values. An average of 32 S
percent big bluestem grass cover dominated the prairie test area. On the average, about
6 percent of the cover was bluegrass, western ragweed, and quack grass (Agropyron
repens). Bare soils covered about 2 percent of both areas.

The most frequent species in the prairie control was western ragweed, which
occurred in more than 7 percent of all quadrats, followed by 6 percent bluegrass. Big
bluestem and yarrow (Achillea millefolium) accounted for about 5 percent. Several other
species, including sage (Artermisia ludoviciana), small ragweed, sedge (Carex spp.),
fleabane (Erigeron strigosus), yellow sweet clover (Melilotus officinalis), and prairie
panic grass (Panicum leibergrii) occurred in 3 to 4 percent of the quadrats. Big bluestem,
western ragweed, sage, bluegrass, and sedges were the most frequently noted species in
the prairie test area.

Based on importance value, the prairie control was dominated by western ragweed
and bluegrasses; big bluestem grass followed, with a value of 14. Brome grass had a
value of 12, and yarrow and small ragweed had values of about 9. Based on importance
value, mosc of the same plant species dominated the prairie test site. Big bluestem grass
was most prevalent, followed by western ragweed and bluegrasses. A total of 216 plant
species were sampled or observed along the study transects; 153 species were collected ".
for voucher specimens.
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Table 8

Totah;, Means (x), and Standard Deviations (STD) for Relative
Cover, Frequency, and Importance Values of Plants Sampled

a. Riparian Control Study Area (13-26 June 1984)

COVER FPCQUIXCY IMPORTANCE YALA i

9MEES TOTALS 1 STD TOTALS I STO TOTALS I STD

Acalvpfh Irlnc

Actl I a ai 1e~ollud 0.0 0.0 0.0 2.0 0.5 0.6 2.0 0.5 0.6
Aqrogyron rep"%i 8.0 2.0 2.2 4.0 1.0 0.8 12.0 3.0 2.9q

Ai Iius cainadeni*
Asa~ranttus retroflemu
AforosiAa rteGIS11401ia 1.0 0.3 0.5 5.0 1.3 3.3 6.0 1.5 1.7
Aaorzal r¶1llticftys 10.0 2.5 2.6 12.0 3.0 3.2 22.0 5.5 5.8
Aebro I& !rifida 21.0 5.3 5.0 16.0 4.0 1.4 37.0 9.3 6.1
AwrPftA cinescens
Awporgfr ruticost 3.0 0.8 1.0 3.0 0.9 1.0 6.0 3.5 1.9
AJndroaoqon gerardii 9.0 2.3 3.2 7.0 1.8 1.5 16.0 4.0 4. 7
Androooqon icooJir 0.0 0.0 0.0 1.0 0..3 0.5 1.0 0.3 0.5
Aiteoninri neqlc~t,

AflrteiCC OCudov~icidn 11.0 M. 1.7 13.0 3.3 1.3 24.0 6.0 2.7

Asidnia, hirtella
Aic1p911 wpur~isrcec1

AscIepias tubeo~ia

Asideptla viridiflori

Aster EriCasid

Aster 5p. 1.0 0.3 0.5 3.0 0.3 0.5 2.0 0.5 1.0
Aster sericcij
Astriqalus crissi~carus
ajotnisl aultraill
3aroarea vulqjr~i
aare soil 3 .0 3.3 2.5 2.0 0,5 1.0 7.0 1.8 3.5
9idens #rodola
Boe"fi~a cylindrics
aroewl IneiCi' 7.0 1.8 2.1 2.0 0.5 0.6 9.0 2.3 2.6
Brosui lhoomnicul 23.0 5.8 4.9 15.0 3.8 3.7 318.0 9.5 6.6
PONS~ tt~tOfIJI
iucIhioe dactyioidoi
Ac~ilts tubtrosa A
:jI:ir~oe Alca" idel
:alilrmoe invoiucrata
linniils idIVA 0.0 0.0 0.0 1.0 0.3 0.5 0.0 0.0 0.0
.CArduul nutani

aJrpl io. 3.0 0.8 1.0 13.0 3.3 1.3 16.0 4.0 1.4
.jrft trianqularii 6.0 1.5 1. 34.0 3. 0.6 20.0 5.0 2.2
Are# Yujolnoidea

Cetsocdtls0.0 0.0 0.0 3.0 0.3 0.5 3.0 0.: 0.5
.,,afaeiyce so.
C')eflopoolu 5.a.l10ou02d3. 60 , .
Elms~u altissleus0 13 10 1. .8 13 1. . .

Czimus discolor
Cirsiue undulitul

flnvolvulus arnessil 3.0 0.3 0.5 2.0 0.5 3.0 3.0 0.8 1.3
Covnvolyulul s@91u.
C04nus sop. 6.0 1.5 1.7 5.0 1.3 1.3 31.0 2.8 3.0
Croton~ so.
Cjsc~ta so. '0.0 0.0 010 3.0 0.3 0.5 1.0 0.3 0.3

:1 er s culentus
)eIghtIum carolinianue

005eadium to.
Eclinacei pa1Iidi
EchinacM0A utricati
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Table 8 (Con t'd)

Ec.41mocystis lobati
Eliehris pawsuittl
Elyous canademsis 12.0 3.0 3.2 11.0 2.8 1.7 243.0 5.8 4.4
Eraqrostis s~ectiO1lis 0.0 0.0 0.0 2.0 0.11 0.4 2.0 0.5 0.4
Eriqeran ifnnuus 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5
Erigeron itrigaisu 0.0 0.0 0.0 2.0 0.5 0.6 2.0 0.5 0.6
5uoO~y~s alfficiAus
tuonor~ia sp.
Festjica elatior
;tstuci octoiara
;riqarta virqiwia i
Praimius amortcana
Sjlium aparirne 1.0 0.3 0.5 4.0 1.5 1.7 7.0 2.8 2.2

Gerinim caroltinanus
6fus 10i. 4.0 1.0 0.8 9.0 2.3 1.7 141.0 3.3 2.5
~iieSitu triacanthai 2.0 0.3 0.5 2.0 0.5 0.6 3.0 0.8 1.0.
Glycyrrmiza lepidoti
Gvwoc~ldus 1iotca
Hedeoua hiOipid

55whsAnus3.0 13.8 6.4 27.0 4.8 3.0 92.0 1.0.5 9.1
Hellanthus qroistierritus
NeLohooss neliantholdesN

HiisrClui tronq~isu

Hordeum wbatus
Kardous pusiilus
Ayotricut Perforatua 2.0 0.3 0.5 2.0 0.3 0.5 2.0 *0. 2.0

Juqlans migra -

Juncui kansaflus
Juncus torreyi
JuTmI9Vus virgimlanas
Xochja scaOOVia
Koo1mnia cristita, 0.0 0.0 0.0 2.0 0.5 0.6 2.0 0.5 0.6
Krupia 000011t:140116
Kuhnia hioatOrioidei 2.0 0.3 0.5 2.0 0.5 0.4 3.0 0.8 1.5
Lactuca calad"1li 1.0 0.3 0.5 7.0 1.0 2.0 9.0 2.0 1.2
Lactuca so.
Ldoartra CMaiEflh1
Leudtius dns~iflorul
Lelpedeza CaIPtati

Limus su ~tus
LOCOPUSifff1'ICiOUsr
4.1clura polifen'a
4edicaqo lUPilirii

e411Caq lativa
Nelli.o Is ilb
"Melilotus officinalls 2.0 0.5 0.6 3.0 0.8 0.5 4.0 1.0 0.8
menttiiiA
4irabiIhi myctaqinfi 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5
Roijirda fistulosa
"~Orus Alba
pqo7ul fuoli
"Iail
qMenberqii 100. 0.0 0.0 0.0 2.0 0.3 0.5 2.0 0.3 0.5
Oeflothfri specCosa 0.0 0.0 0.0 2.0 0.3 0.5 2.0 0.3 0.5
Onosbodiue lot!# 0.0 0.0 0.0 1.0 0.43 0.5 1.0 0.3 0.5

zai tIrt4 0.0 0.0 0.0 4.0 1.5 2.3 6.0 1.5 1.3
Ozallf vtolaclao
Pamicus capaillir
Pna"cus ~Ifnuqinou 0.v 0.0 0.0 5.0 1.3 0.5 5.0 2.3 0.5
PanIicus Itibqfqi 20.0 2.5 3.3 6.0 2.5 1.9 26.0 4.0 5.2

PdI'etarla gtflflylva"Ich 3.0 0.8 2.0 9.0 2.3 2.5 22.0 3.0 3.4
Parthenoclisul quinquedolia
peltfooftco CabalaI~

peialostpoog Ou.r'gureu0 2.0 0.3 0.5 2.0 0.3 0.5 2.0 0.5 2.0

Phlyla cu"Ouiaolaj
phfujlls so. 0.0 0.0 0.0 2.0 0.5. 1.0 2,0 0.3 2.0
phV1y111% so.
Phiytolacca aserICARA
Plintaqo purshit
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Table 8 (Cont'd)

Plintiqa So.
Plintago VLrqlnlCJ 0.0 0.0 0.0 2.0 0.5 0.4 2.0 0.5 0.4
Pu oa~ 26.0 6.5 2.6 21.0 5.3 2.1 47.0 11.8 4.3

Polygonuo tronai~tud

Polqfgaum erilsicrus
PoIvqonum raanssiu

Prunus aaericana 4.0 1.0 ..0 11.0 0.8 1.5 7.0 1.8 3.5
Pior~iea irqoomylla
Pw Alale so. 11.0 0.3 0.4 5.0 1.3 1.3 7.0 1.8 1.7
Ptilleftius nutta1Iii 0.0 0.0 0.0 2.0 0.5 1.0 2.0 0.5 1.0
Ouewcus ejcrocaro.
Rhuos glabra
Otis~ ridicans 4.0 1.5 2.4 4.0 1.0 1.4 10.0 2.5 3.9
Ribqgens a oujrie 1 3.0 0.8 0.5 5.0 1.3 0.5 8.0 2.0 0.0
Roretpa so.
Rosa arwjiamia 4.0 1.0 2.0 4.0 1.0 2.0 8.0 2.0 4.0
quoul ltrigasui
Ruijciai stropens
puuuf 1tinsigul 0.0 0.0 0.0 2.0 0.5 1.0 2.0 0.5 1 0
Ruees crispus 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5
Siqittaria 1atifolia
S~abucus riamadm~sts 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5
Sanicula qreo Ariz30 08 5 40 1. . . . .
Schrinkia nut tillii
Schropmularti so.
5cirpus atrovirens
Scirpu, coperinui
Scrooularia sarilvodici
Scutelliria resinosa
Sen-cio daUpeCUMU
Setaria so.
Silent ankirrhina
Silphlud sleeciolu
Sms1yritchltum so. 0.0 0.0 0.0 1.0 0. 0.5 1.0 0.3 0.5
S~i lax go.
Sailax tabooidel
Solanuwi caroIimefist 0.0 0.0 0.0 1.0 0.34 0.5 1.0 0.3 0.5
Solmsu roitratum
Solamus triflorus
Sol idaq cinaaellnK Z5.0 4.3 4.0 17.0 4.3 2.t 42.0 10.5 4.6

* Somsu aloof,
* Sorqhastrus nutani

Spartinh pectinata 7.0 1.9 2.4 5.0 1.3 1.5 12.0 3.0 3.8
Sosenooho~il IntereediajSpheflopholis obtusata 10 16 35 60 13 11 1. . .Sporonolus hot "e~olel
Stacayl itfluafolia 1.0 0.3 0.5 4.0 1.0 0.8 5.0 1.3 1.3

pStIOA so,. 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.3 3.5
pSfooonorcaruti orbiculitus 43.0 15.8 7.0 24.3 6.5 1.9 89.0 22.3 8.8

Tariwacus of4iciifltl
TtemuscfuCmadmie
Thlaipi arveie 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5
Tridescintia oniersil

Triodanis pR~foliata 1.0 0.3 0.5 1.0 0.3 0.5 24.0 0.5 1.0
t,0fld arr~itA4ol14
Tvpfii la Italia
times ruara 4.0 1.5 2.4 4.0 1.0 1.4 10.0 2.5 3.8
Lýftica diOLCA '.0 2.3 2.2 5.0 1.3 1.0 14.0 3.5 3.1
4ro~alcus olattarii
defoalCuo ttnbosus

U ef~alatata 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5
Veflefia stricta 0.0 0.0 0.0 1.1 0.3 0.5 i.0 0.3 0.5

tffOfoia lp. 4.0 1.5 0.4 14.0 3.5 1.7 20.0 5.0 2.2
Veroniica Dereqrln,
Vicia aforician
Vials so.
lantltius strumaflue

11AL S 3S. 98.C S s.o 0 98. 77C 0 194.

.Opc ies 72
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Table 8 (Cont'd)

b. Riparian Test Study Area (13-16 June 1984)

RIPARIAN TEST

COE RPUENCY IMPORTAi~! VALLIE

;EISTOTALS I STD TOTALS I STO TOTAL.S I STO

kilypfti 10.
wclph irqinics

I Iwoe canideflle
l.earam~thus retroflevus
Isorosta arteegitifohla 3.0 0.9 1.0 4.0 1.0 1.4 7.0 1.9 2.4learagva i1lostachya 12.0 3.0 2.2 12.0 3.0 2.2 24.0 4.0 4.2lier"Isa rifi da 12.0 3.0 3.6 19.0 4.9 4.3 31.0 7.9 7.8

lsoC(h4 fruiclosi 1.0 0.3 0.3 1.0 0.3 0.3 2.'ý 0.5 1.0lidrovoqon1 qrarMi 9.0 2.3 3.3 7.0 1.8 2.1 14.0 4.0 5.2~1r~qf cutn1.0 0.3 0.5 1.0 0.3 0.3 2.0 0.5 1.0'ndro~jace occi dmetal is

39~fitraia CieqlectiN
4rteolsla ludaviciiva 5.0 1.3 1.5 3.0 1.3 1.3 10.0 2.5 3.0
Aicleoiaj putperasceftI
.icdeoiasi yrica 2.0 0.5 O.6 11.0 2.6 1.7 13.0 3.3 2.201C199t11 tuberosi

Ascleplas viridi flora
Aster Pricoides
Aster piloaus
Aster 19.

Aitraqi1ui crIsitcar~n.

9arbarea vulqaifi
Rare tail
5ldeft fradoia
Saehoffii cylindrica
Bromis Iftefoii 37.0 9.3 11.4 14.0 3.5 3.7 31.0 12.1 15.0Bro.fiw jao'anicus 129.0 7.0 4.5 25.0 4.3 3.5 53.0 13.3 4.9Beoe4JI tIKtO4US
8uChlof dactylolns
Caclhs tuacroau
CillirNot atcaeotdei
C.allirhov involucrcaa
.JAMfblbi lativa
Carduus Autafl1
Careu so. 

I...rev so. 3.u 0.3 1.5 4.0 1.3 1.3 9.0 2.3 2.4Cjrev tr~iaqularis 1.0 0.3 0.5 3.0 0.8 1.5 4.0 1.0 2.0
Car ,t vulionoidea

Celtii ocrcidefltlll 2.0 0.5 1.0 5.0 1.3 1.3 7.0 1.31 2.2C1aa~josyce go.
hernooodiue albus 0.0 0.0 0.0 2.0 0.3 1.0 2.0 0.5 1.0CIMUSi Altnita4Jg 2.0 0.5 0.4 11.0 2.5 1.7 12.0 3.0 2.3

Circsiu divolor
Cirsive~ unduiatus
TOM0volnulj wyentig 0.0 0.0 0.0 2.0 0.5 0.4 2.0 0.3 0.4
Coinveivijltt seoiu
Carmel 100. 12.0 3.0 1.3 7.0 I.3 1.0 19.0 4.3 2.3
Craton 10.
Cuscuta go.
Cy eru's ficulefitul
2eIfoint'll caeoliIA1nfud
;eisadiuf so. 0.0 0.0 0.0 1.0 O3 0.5 1.0 0.3 0.3* Ecftinacti pallidi
Echiitocmlad dutiCata

26



Table 8 (Cont'd)

ý:iqw annuus 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5
s'~f t'r ioIi 21.0 0.5 0.6 3.0 0.8 L.o 5.0 1 . 1.5

"106tarL , so.llfcau

Costuca octofloI
ir~girli virqinniam
;rzimgs 2srcm .0 0.5 0.6 1.0 0.3 0.5 3.0 0.8 1.0

*easo. 9.0 2. 3 3.1 9.0 2.3 3.3 18.0 4.5 7.1
jimitsia triacafl5os 1.3 o.; 0.5 1.0 0.3 0.5 2.0 0.5 1.0

seieleoa Nispida
rtdiotiS siqrt~ani
r~eq lthysa5 snuu 29.0 1.3 7.4 21.0 5.3 4.1 50.0 12.5 11.4
mellantusu qroiiesenutus 11.0 2.8 5.5 4.0 1.0 2.0 15.0 31.8 7.5
isliogii heliajthoides4
1bISCUI tfjoM~ja

i41eficiti. longiallus
4ordeus lubjthB
*'orvu Ift s iji i1,ao
4voe#icus pfrooYatuo
;.A scocarta
Juqlans miqri 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5
;un~ul hdnhlfl4l 0.3 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5
Juncus torrevi
Junipeful virg~lhftA4
(oCnia scovaria
foole ia ristita
ýrtqta ppgositifolia
'uhnia 1upatpfloldli
.dctuca Cdnude"Its 0.0 0.0 0.0 5.0 1.3 1.5 5.0 1.3 1.5

.aociftta ciandgus
.egidius leflstilofue 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5

p.5O0#vcnoitat~a
-oius iulcitut

;ajCurj 0 0Ai ,era

ledicago sativi
"Phio:tus alba 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5
qelinotui 044icinalil 4.0 1.0 0.8 10. 0 2.5 1.0 14.0 3.5 !.7
*entl'a 0o
t rao 1lls1,nctaQiqe4
40 " ara *Istuloia
"orus Alba
'ps rjori

Ifmotmpf4 sooliola 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5
:nosoodius &oil@

* ~t 00 0.0 0.0 3.0 08 .5 30 0.8 0.5
Jaiiii vIoiaCtat
;, Alc u a c aollI are
'inicus lanuqi~oius 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5
Panicus eiomm~i 0.0 0.0 0.0 5.0 1.3 1.0 5.0 1.3 1.0
Panicuii virgatus
ParI ft a,, 1 Poen vlv~fticA 3.0 0.8 1.5 10.0 2.5 1.7 13.0 3.3 2.9
lirttf ocfl0lius qiiuefolia 1.3 0. 0.5 2.0 0.5 1.0 3.0 0.8 1.5
Pp~~eqst!l CObapa
0etA!1otefQ* CladLdQ11
:Dtalostesom pufourems
'etalolteroo so.

~nucumeifohia

01antaqO Pufstii
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Table 8 (Cont'd)

oitP.l 31.0 7.3 4.1 26.0 6.5 1.7 57.0 14.3 5.4
f'oiyqal ~l C~Lt
volyqaftus re~ at
P'oIyqonue rcua1.0 0.3 0.5 1.0 0.3 0.5 3.0 0.5 2.0

P'unmjs awricana 2.0 0.5 1.0 2.0 0.5 1.0 5.0 1.3 2.5
PwsriIt #a .

tuercus sacrocirpa 0.0 0.0 0.0 2.0 0.3 0.5 1.0 0.3 0.5Phui qlabrj 7.0 2.8 2.9 3.0 0.8 1.0 10.0 2.5 .
1tgr~jcn 3.0 3.3 3.9 8.0 2.0 1.8 21.0 5.3 5.631bes III1soufltlse 2.0 0.3 0.5 4.0 1.0 0.8 5.0 2.3 1.0

Rarippa so.
Rosi arka'soAn
Rublis strigosus 0.0 0.0 0.0 1.0 0.3 0.5 2.0 0. 0.5

;Ust aItsgioa 2.0 0.5 1.0 2.0 0.5 1.0 4.0 1.0 2.0

S~aluc~i cmanaef'sis 21.0 0.5 1.0 2.0 0.5 1.0 4.0 1.0 2.0
Sanicu Iaqgre~aria 2.0 0.5 2.0 41.0 2.0 2.4 6.0 2.5 2.4

Schrcqel~uAria so.
Scirpus atrovir~fl
ScirpUS cyperimus
Scroohulaifi *.ariiwndica
Scuteilaria remiinsa
SesecO ioQgnefcUulS
Setif a
S1ei. dli an ri
Sil1hius speciiiius
S15 rinchiud go,

Sailax timaiOdn
Sof anus caroli Lnief
Solinuo rostratua
Solinus triflorum
Solidago Cinadmnss 18.0 4.5 5.3 15.0 3.8 2.1 3.3.0 8.3 7.1
Sonchus Asleif 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5
SorghistruG nutims
Soartima pectmnata
Sphenopho Slfi tfNi
50WeO~fOMa, OMtuAN 0.0 0.0 0.0 2.0 0.5 O.6 2.0 0.5 o.6
Sporooolul heteroienas
Stacftyl tenuifolia 2.0 0.3 0.5 1.0 0.3 0.5 2.0 0.5 1.0
StIIP so.
SveofioriCarpui orbiculatus 18.0 4.5 2.5 12.0 3.0 2.4 30.0 7.5 3.7%
Targlicus Oniciftall
Teucrium Canadeois#
Thlaipt arvense
TrideSCAgitia ohitn'sI
7rijopcoilndubius 0.0 0.0 0.0 2.0 0.5 2.0 2.0 0.5 1.0
Tr ri alus, pat ins.

Troil totocarlia
rriadints porfoijati
Tvpha In ustifo2ia
Tvqpva IJiflm
Ulaujs rUbra 5.0 1.3 1.3 6.0 1.5 1.0 22.0 2.8 2.1Urtica dioica 29.0 4.8 5.7 23.0 3.3 3.4 42.0 8.0 9.1
Verbascus biattaria
verbasculg tbhm Lis 0.0 0.0 0.0 2.0 0.3 0.5 1.0 0.3 0.5vertiona hI t 2, 0.0 0.0 0.0 2.0 0.5 0.6 2.0 0.5 0.6 -Verbema strict& 0.0 0.0 0.0 2. 0.5 2.0 2.0 0.5 2.0Vertimmna alternif02ah 33.0 8.3 617 27.0 4.3 3.9 49.0 12.3 20.1Vernoflha s0. 0.0 0.0 0.0 4.0 2.0 1.2 4.0 1.0 1.2
Veftimica pereqriaj
Vicia maricana
Viola so. .-

TT.L7LS 33 0 .0 96.2 383.0 97.6 780.0 19.6

Species 63

2 8



Table 9

Totals, Means (x), arnd Standard Deviations (STD) for Relative
Covier, Frequency, and Importance Values of Plants Sampled

a. Prairie Control Area (13-26 June 1984)

COVER FRE0UEACY IRPOTAOCI VALU.

sPMcES TOTAL.S I STO TOTALS I STO TOTALS I S10

Abutilton teorit
Acilyomaso
k alyo9ha wirpioica
Aceratus in Ultlfolia
A~chill~eJa s1e~oliu 13.5 3.3 2.1 23.0 5.8 1.3 3U.0 9.0 1.4

Aqrogyron r9eaes .1.0 1.0 31.0 1.0 5.0 I.7 0.4
Ais a 01ntaqo-adutabca

Alliva clitallens
Awaanthus retrafleviai
Asorosia arteemsifohta 22.0 5.5 4.1 15.0 3.9 1.9 37.0 4.3 5.7
A.brolaa 0-11losticftyl 37.0 9.3 3.2 2?.0 7.3 1.3 64.0 14.5 2.0
AsbrolI a trifida 9.0 2.3 2.2 3.0 0.8 1.0 9.0 2.;' 3.3
.kvrthi ca"Wensfl
Awprha fruticast
Ovtdropootlo gerardit 37.0 9.3 7.4 19.0 4.9 2.9 54.0 14.0 10.1
AEndrolo~qoAv Icoparius 9.0 2.0 1.9 6.0 1.5 1.0 14.0 3.5 2.4
Androiace occidne'ahi

Agocmns ca"Pallpflus
Artfa.ila ludaviciana 11.0 2.8 1.3 14.0 3.5 1.3 25.0 4.3 2.1
Alclepaja Wtirtll
Asclevias purpifariclli 0. 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5
Aiclegial Ivntca 1.0 0.3 0.5 4.0 1.0 ).8 5.0 1.3 1.3
Asclegias tuberou
Aid eptas Yerticillata 1.0 0.3 0.5 2.0 0.7 1.2 3.0 0.3 1.5
Ascleciis viridillora 1.0 0.3 0.5 1.0 0.3 0.5 2.0 0.5 1.0
Aster ericoidei 4.0 1.0 1.4 7.0 1.8 1.0 11.0 2.9 2.4
Alter pia lous 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5
Alter so. 1.0 0.3 0.5 3.0 0.9 1.5 4.0 1.0 2.0
Alter iericeui
Astraqalvs crassitcarpis
gdptisia austrilzs
Bar area Vvlqarts
Bar: 1soi1 10.0 .5 5.0 2.0 0.5 1.0 12.0 5.0 4.0
Bidefis frooolia
Bauseena cyliadrica
Brog"s Inerais 37.0 9.3 15S2 11.0 2.9 3.5 49.0 12.0 19.7
Brofus J400macus 7.0 I.8 2.2 11.0 2.9 2.4 49.0 7.0 4.4
aroaul tertorul
B4Jchiw~ dactyioadel
Cacafls tuObtrsu
Callirh~o* alcae.,adei
Cjiltrhoe involucrata
Cannabis lativd
Cirduus Aujtditi
Caret so. 1.0 0.3 0.5 4.0 1.0 0.0 5.0 1.3 0.5
Caret ýo. 1.0 1.5 4.0 15.0 3.9 2.4 21.0 5.3 3.4
Caret triantliluari 2.0 0.5 1.0 11.0 1.3 1.3 7.0 1.9 2.2
Came VYl01noadea 8.3 2.0 l.F 5.0 1.3 2.5 9.0 2.3 4.4
CAS5iA $ascicuiatj
Celitl occidentalli

Chemno~odiua albus
Cirilue altlilieve 2.0 0.5 0.4 5.0 1.3 1.0 7.0 I.8 1.5
Canaan discolor
Cirmsau qndulatue 0.0 0.0 0.0 1.0 0.3 0.3 1.0 0.3 0.5
Convolyulus arv"Ias
ConvolvUlul selzui
Cormus iol.
Croton so.
Cuscuts so.
QVoffui eaculentul

otsaodaus 10.
Echioacta pallida
Ecbioacftloa inanacata
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Table 9 (Cant'd)

Elwevs tanadnsis 1.0 0.3 0.5 4.0 1.0 0.8 1.0 1.3 1.3
Eraqrostis spectabIii 7.0 I.A 1.7 10.0 2.5 1.7 17.0 4.3 3.3
Efqgefo' anrluut 0.0 0.0 0.0 2.0 0.5 0.6 2.0 0.5 0.6
Eripforo strigosus 4.0 1.0 0.5 15.0 3.11 7.1 19.0 4.9 2.9

Eujohoofii so.
'estuca etltior
Festqci xctofloea 0.0 0.0 0.0 3.0 0.9 1.0 3.0 0.8 1.0
Fragaria virginiani
Frazinus 4flCtficn
Galium iaortme 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5
GaIius circiezani
Weanius carolinianue 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5

6yn10d. 10C

6nenoladu hiolca
Sedeou tiimgrican
)HelyniAA niqrtcan 6.j 1.5 1.0 1.0 2.3 1.0 15.0 -..9 0.5
Holianthui qroisesefrituI .

Hellaools hwhantthoidit

HibiIscus trionue 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5
Hordeas jubatus
Hypesricus perforath'u 1.0 0.3 0.5 1.0 0.3 0.5 2.0 0.5 1.0

Juqlani naqra
Juncus kmainim4 1.0 0.3 0.5 4.0 1.0 1.2 5.0 1.3 1.5
Jumiu torreyt
JuAmptfus Virgiflhdfa
Oocfta scovariaa
kaelfr~a cristati 1.0 0.3 0.5 4.0 1.0 0.0 5.0 1.3 0.5
Kriqla 099011tif0114
Kuhitaj eupatortiodes 0.0 0.0 0.0 2.0 0.5 0.6 2.0 0.5 0.6
Lactuca camidensas 1.0 0.3 0.5 9.0 2.0 1.8 9.0 2.3 2.2
Lactuca so.
Luoortei canadensisa
Lepiditue densiflorui 0.0 0.0 0.0 9.0 2.0 0.8 9.0 2.0 0.9
Les tdieza calitaita 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5

Llrspycno-tacrya
Limius iu1catum 2.0 0.5 1.0 6.0 1.5 2.3 6.0 1.5 1.3
Lycopus iweicanui
Maclura Podieri
Pedicaq tOi hl 1.0 0.3 0.5 1.0 0.3 0.5 2.0 0.5 1.0

Relilotus officinilig MO0 6.0 5.0 13.0 3.3 2.1 35.0 8.9 6.2
Aentha so. .
Hirabilias myctaqInca
Wanrda fistulosa
mofus alba
Morus rubra

fk th~efbrq ipecoi
Onmsodium solle.-

Opuntia olcatj a 0.0 0.0 0.0 5.0 1.3 0.5 5.0 1.3 0.5
Cubsl nuolictat
Panicus capillare
Pinicup lantiqinrosum
Pamicum lfieabwqa 4.0 1.0 0.0 13.0 3.3 1.0 17.0 4.3 1.0
Panl-.ýe Ytrqatus 20.0 2.5 5.0 4.0 1.0 M. 14.0 3.5 7.0
pirittirta pviyv~~
Pirthtdocissui Wuinquefolia

Petalostetoý c.n~didus 0.0 0.0 0.0 4.0 1.0 1.4 5.0 1.3 t1.

Petilostemos ourpurelia 0.0 0.0 0.0 :.0 0.3 0.5 1.0 0.3 0.5 '
Ph~yla Cunfifolth
physalis so. 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5
Phylalis so.
Pisytolicca aeencaiIA
Plantiqo purolla
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Table 9 (Con td)

p1 tiptq virqioica 1.0 0.3 0.5 6.0 1.5 2.4 7.0 1.8 2.9
d ctclJa40.0 10.0 9.9 24.0 6.0 4.2 64.0 16.0 13.7 1

Polvgonut aroanhtrue
Polyqoinuo Defsiarli

Paryuoui A oOer~ 5ihu

~soraea sJofY~ 2.0 0.5 0.6 6.0 1.5 1.3 9.0 2.0 1.8

Pti~linkus nuttillnl 2.0 0.5 0.6 4.0 1.0 1.2 6.0 1.5 1.1
Qutwcui oacrocarpi
qsui Iijorl 1.0 0.3 0.5 1.0 0.3 0.5 2.0 0.5 1.0

Ruousu strigosui
PueliA stropons
quedz Cittssous

Sa.Oucuis cir'jdensis

ScheaaxI4 .,uttallia 0.01 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5
3chrop~ulirii io.
3cirpusitArovireni
Scirous cyperinui
Scrcpfularia sarilandici
Scuttqilin reilnosa
Senecxo gi.JoKCulus 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5
seatdrIa ,9
Sileime fM rrhnsa 2.0 0.5 0.6 6.0 1.5 1.0 9.0 2.3 1.5

S~ipf'IflC5IUB sp.

Smi14z tifflOIdei
solinud cw~lotInM, 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5
Salousv roitratus
sal anus triflorus
Sali4.qo cinidefiisi 5.0 1.3 .1. 9.0 2.3 1.7 12.0 3.0 3.6

Sorqnustrus flutani
Siprtina ptctinata 3.0 0.9 1.5 1.0 0.3 0.5 4.0 1.0 2.0
s,~eoht~opho Interaedia
sohenopholis o0tusiti 1.0 0.3 0.5 3.0 0.8 1.5 4.0 1.0 2.0
Soofooolul heteKoiepi1

StIPA ip. 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5
Svimhorlicarus Dfbiculatus 5.0 1.3 1.3 2.0 0.5 0.6 4.0 1.0 1.&
tariaxcus oificinaie
ýeucrius cmAdei#t¶

Tridescintia ohiefs¶ii

ri a c n 15 *eptx ,roa
Triocanis perfoliata 5.0 1.3 2.5 9.0 2.31 1.9 15.0 3.8 4.3

Vermena sItr~tari

Verbesna sltenolt
Vernonta ip. 4.0 1.0 t.2 11.0 2.8 2.1 12.0 3.0 3.4
Veronica ;tfeqrina

V1iil so.
luatbus itrumariua

T OTALS 355.5 90.6 401.0 103.0 710.0 192.1

Scecies 6
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Table 9 (Cont'd)

b. Prairi2 Test Area (13-26 June 1984

PRA1IRI TEST

COVER FUR0EMKY INPORTAJOCE YM.LL
SPECIES TOTALS I SID TOTAL.S I STO TOTALS I SID

1b4ut1ijof theowvilti
<AalVyftJ 10.
4calyphi YvtilimCa
Actrat AM dlustifoliI
A011Ije4 21?1040olAu 5.0 1.3 1.0 M. 2.3 1.3 14.0 3.5 2.t.Irogyron rpoefi 24.0 4.0 7.0 9.0 2.3 1.7 141.0 8.3 8.5

Ailaud Camadenfll
Asirinthgi retro4iltuus
4adrosia artraistoif ii 11.0 2.8 3.1 7.0 1.8 1.7 13.0 3.3 5.3Asteola ~1: o11itachya ?7.ý 6.8 4.1 27.0 4.8 1.7 54.0 1315 5.8
A.8roii rantidi 1.0 0.3 0.5 2.0 0.5 0.4 2.0 0.5 0.& .
4gorpfj fruticoiu
Angroooqon gerirdu 121.0 32.0 11.8 35.0 8.8 1.7 U63.0 40.3 13.2

Sandropoqo" lcooiraui 14.0 3.5 2.1 10.0 2.5 1.3 24.0 4.0 3.2
.A¶drosace occidrataiii
Antennaria mtqltKta 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5
AwOyIIUI CMiA4Oflnus 0. 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5
Arte~asaa ludoviciana 12.0 3.0 0.8 20.0 5.0 0.8 32.0 8.0 1.4Ascleoam hirtella
Ascleviad pljrvIcptrasw
lilC1gaji syrica 2.0 0.5 1.0 5.0 1.3 1.? 11.0 2.3 2.5
Alclegiaj tubtrola
Aiceleizs veftlcillita 2. 0.5 0.4 5.0 1.3 2.0 7.0 1.3 1.5
AvIeipmj viridiflora 1.0 0.3 0.5 1.0 0.3 0.5 2.0 0.5 1.0
Alter ticoides 4.0 1.5 1.9 7.0 1.8 1.0 13.0 3.3 2.9

Alter so.
Alter lerifllOi
Astraqaius crasicarpus

3arbarts vailqaris
Bart, mia 8.0 2.0 4.0 3.0 0.3 1.5 11.0 2.8 5.5
Bidefli $rodoii
3oetheeia cylindrlci
3rosui iasereat 8.0 2.0 2.8 3.0 0.3 1.0 11.0 2.8 3.8
aro"I )J0ooncu¶ 17.0 4.3 7.2 10.0 2.5 3.1 27.0 4.8 10.2
9rosujs tectorus
Ruchloo dactyloidol, 1.0 0.3 0.5 1.0 0.3 0.5 2.0 0.5 1.0

:jnarhoo inYoiucrta N.

jAnnibis litiva

:ardutis niitjnl
:At 10. 3.0 0.8 1.5 3.0 1.3 1.9 8.0 2.0 3.4
:Arty so. 13.0 3.3 3.8 14.0 3.5 4.1 27.0 6.3 7.8
.At triAnqularts 0.0 0.0 0.0 2.0 0.5 0.4 2.0 0.5 0.4
.Arts vvopiamso 1.0 0.3 0.5 4.0 !.0 2.0 5.0 1.3 2.5
zims laa icicuI~ts 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5
,1lti1 OCCldetaitlIS

:huesioce so. 0.0 0.0 0.0 i.ý 0.3 0.5 1.0 0.3 0.5
:henoodius albus 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5
:arsu.e 411111111J
Cirsitu ti~colar
caistus undulatus 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5
coaavoh'Ulus AWvefl11 1.0 0.3 0.5 3.0 0.8 1.0 7.0 0.9 1.1

:roto" 10. t
Culcuta 10.
Cvperus viculiiituii *%
3oftihmua carohniajnue
2#hisdiusi 10.
Echiniccaotls~
Echmnochloa vuricita 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5
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Table 9i (Cont'd)

Elpcharis paluitrii 0.0 0.0 1.0 8.0 0.0 2.0 14.0 03. 030

Ebvsiui cinad,4Sil 60 15 10 00 20 20 1. . .

Efaqrostii Spectabilli 2.0 0.5 1.0 3.0 0.6 1.0 5.0 1.3 1.1

Eriqefon arinuuS
Eriqtfofl strigosul 6.0 1.3 O.4 11.0 2.8 0.5 17.0 4.3 1.0

Euponyia 50 1.0 0.3 0.5 7.0 1.8 1.3 8.0 2.0 2.0

Feit'jcu eiatior
Festuca octotiofa 0.0 0.0 M. 1.0 0.3 0.5 1.0 0.3 0.5

Frinnus aswricaI¶
Saflua ioariie
;liisO circiezini
3,efinius carolinaanum 4.0 1.0 0.8 12.0 3.0 1.6 16.0 4.0 2.4

ieus Ia.
;Ieditsit triaciiithoi
Slvcyrrhiza LepidatA
jvmioCladui diolCA

Heedev hiipiQda 0.0 0.0 0.0 2.0 0.5 0.6 2.0 0.5 0.6

h4Cdvntiil anu 4.0 1.0 1.4 5.0 1.3 1.5 9.0 2.3 2.9

401 authus qroiselefr atus . . . . . . . . .

Neliogall heIiuutsoidti
HIDIICuS trion,;s
Hiericius lonqi~ilua
sadreqs jubatud

HyperctiCU perforitud
Iva IcDodria
Juglani fliqra
Juncui kaimanus 5.0 1.3 1.5 9.0 3.0 1.0 14.0 3.5 3.1

Ju "Cus to~rrui
Jollpeus virgifliafla
(0011a Icoparta
Kcelerla cristata 11.0 2.3 2.4 16.0 4.0 2.7 27.0 6.8 5.0

Latuflni ,uoatrode11 3.0 0.8 1.0 6.0 1.5 1.3 9.0 2.3 2.2

LaCtucA 50.dei~
taportea coafldeitl
'Lepidlus densflousfOU 1.0 0.3 0.5 12.0 3.0 1.6 11.0 2.8 2.4

Leloedezi capatita 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5

LUtris S ycnitiu b 0.0 0.0 0.0 6.0 1.5 1.0 6.0 1.5 1.0

LYCOPUS AiffilCaflUl(I Paclura posifera
'qe41caqa lupiiifli
ýPdicaq ja tIVa
wehIlaTu a Iba

Z1110tus officiifaIli 5.0 1.3 1.5 3.0 0.8. 1.) 8.0 2.0 2.4

4 Atha 10.
nirawlli nyctaqinei
4041arla istkidloa
Norus aiba

m0untta Polycafltha 0.0 0.0 0.0 3.0 0.8 1.0 3.0 0.8 1.0

JSAiii vlolacfa* 0.0 0.0 0.0 3.0 0.6 0.5 3.0 0.8 0.5

*dlC4 .0 1.5 1.3 16.0 4.0 2,2 22.0 5.5 3.3

Pantcue ieiorgati 5.0 1.3 1.3 6.0 1.5 1.3 11.0 2.8 2.5

% Piri~t~tai 00flyl¶ylVnfCh

011tesofl cobaea
:.taicstetoo candidue 0.0 0.0 0.0 2.0 0.5 0.6 2.0 0.5 0.6

Ptalostesoo wo0. u

;hvta cuptifolil
.si sos. 0.0 0.) 0.0 2.0 0.5. 0.6 2.0 0.5 0.6

Jw~o~ca OrliC.l
PLAntaqa uni 0.0 0.0 0.0 1.0 0.3 0.5 1.0 0.3 0.5

33



Table 9 (Cont'd)

Peaiop 25.0 6.3 0.6 17.0 4.3 1.7 42.0 10.5 7.0P014%Iavrtcllt
9a3yqofius iromiltrus
FaIygoflut Porlicaria
folygonum rasoi~sshiev 0.0 0.0 0.0 3.0 0.3 0.5 3.0 0.3 0.5Polvqonium so.

sorieae arqophylla
Folese7.0 3.9 1.7 11.0 2.8 2.2 38.0 4.5 3.9ý't1ih lus muctillii 0.0 0.0 0.0 2.0 0.5 0.6 2.0 0.5 0.6;otfcus incrocarpa

ýhta q1ibra
44s~ ridiCini
R~ite am~ouriens.

Rubus stt190otai
Rutilla stroeptn 3.0 0. Z 0.5 4.0 1.0 0.8 5.0 1.3 1.0pulms altissijeus 3.0 0.5 0.3 1.0 0.3 0.5 2.0 0.5 0.1
Pumme crisoui
Saqittaria latifolzi
Sam~ucus ciandefluzg
Smankia u1lqrel.r 1.0 0.3 0.5 4.0 3.0 0.0 5.0 3.3 0.5
ktirooliua1ria so.
Scirgus atrovireas
Scirpu: cyptrinus
Scrophularia uriangi~~ci
Scutellaria resinoas
Somecl 9aupef~ulus

SI I~ @fitirzn 0.0 0.0 0.0 4.0 3.0 0.8 4.0 3.0 0.8Si31ftiue 10cczogui
Sisrnhu ip.

Smilax tiviotd"
Salanus caralintnii
S03 ius roitratus
Sol4nua triflarue . . .Soltdaqo cianaasniz 1.0 0.3 0.5 4.0 1.0 1.4 . 1. 19se"Cftus asow

Soqatu uas3.0 0.8 1.0 3.0 0.8 1.0 6.0 .3. 1.7

So~fenopohoii obtusati 1.0 0.3 0.5 3.0 0.3 0.5 2.0 0.5 1.0Sporobolus hettefoICoII
Stachyl teewzlfolia 0.0 0.0 0.0 3.0 0.3 0.5 1.0 0.3 0.5Stipa so.
SywhIoricirvus orbicalatUs 0.0 0.0 0.0 2.0 0.5 0.6 2.0 0.5 0.6 -Tariaicum a4+ icinjil
Tevcrzuo canadeflti
Thlaigit aryenie"Irldeicantia Oftiergil
'aqOpOq*A dubilug
Trfoai volzu: p 0.0 0.0 0.0 3.0 0.3 0.5 3.0 0.3 0.5
,rzodanil poffoliats 2.0 0.5 M. 9.0 2.3 3.0 31.0 2.8 3.5
TYoha ingust.~oiaa
rypha lat14oila
JAsjg rubra
irtici diocic

Vertb.,cus tftiplus
Verbena hastata
Verbefla itricta
Jerbilsin Alterrmifolia
vernO~A1 it. 4.0 3.0 0.0 34.0 3.5 0.6 18.0 4.5 0.6'Verowica pereqrima 0.0 0.0 0.0 3.0 0..ý 0.5 3.0 0.3 0.5VICIA Americo&~

fanthius strusarius

T)TArS 391.0 98.6 409.0 105'.1 799.0 200.9
Species 69
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Table 10

Average Percent Cover for AHl Plants Less Than 1 m Tall
(From 50-m-square Sample Quadrats, 13-26 June 1984).

CONTROL TEST

STUDY AREAS I STD STUDY AREAS I STD

RCI 131.2 40.2 RTI 121.1 35.3

RC2 110.5 43.9 RT2 101.3 36.0

RC3 147.4 49.8 RT3 145.6 66.7

RC4 142.6 51.2 RT4 154.1 47.0

PCI 141.0 47.9 P11 126.8 29.5

PC2 109.4 32.8 PT2 122.8 53.8

PC3 132.4 46.5 PT3 122.6 40.7

PC4 143.2 46.7 PT4 126.2 42.0

Avian Studies

The number and species of birds in the riparian and prairie control and test areas
showed that these areas were very similar (Table 11). Based on species richness, both
riparian areas averaged 30 species. The prairie had 18 to 22 species per transect in the
test and control areas, respectively. Breeding bird species richness in the riparian areas
was 25 and 26 for the control and test sites, respectiviely. Eighteen sMecies were
recorded in the prairie control, and 13 in the prairie test. Visiting species were fewest in
the k)rairie control (three or four species), while the prairie test had six species. Four to
six species visited the riparian areas.

The house wren was the most abundant breeding bird in the riparian control. The
dickeissel, a prairie species, was very abundant, since it visited riparian edges exten-
sively. Habitat edge was important to many bird species in the riparian areas. Some
species that used riparian interior and edge were important in both prairie and riparian
study areas, including common yellowthroats, brown thrashers, goldfinches, northern
orioles, eastern kingbirds, and visiting species. Visitors included dickeissels, grasshopper
sparrows, brown-headed cowbirds, swallows, and other species. Dickcissels were far
more abundant and important in the prairies, with an estimated 97 to 110 individuals in
100 ha. Dominant breeding species of the prairie were common to both prairie study
iites, and had very similar densities in each area. This included meadowlarks, grass-

hopper sparrows, and diekeissels; visiting brown-headed cowbirds were observed
parasitizing nests of these three important species. Consequently, the cowbird was an
abundant but variable visitor in the prairies. Upland plovers were observed nesting only
in the prairies, with similar densities in both the test and control areas (10 to 13
individuals per 100 ha). Sever.al habitat edge species occupied even the smallest growth
of shrubs or trees in the prairies. I'hus, both edge and riparian species were recorded in
the prairies. Species included brown thrashers, catbirds, yellowthroats, kingbirds,
rosebreasted grosbeaks, warbling vireos, chickadees, robins, indigo buntings, cardinals,
and field and chipping sparrows.
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Table I I

Results of Emlen (1974) Bird Surveys in Riparian and Prairie Control
and Test Study Areas (13-26 June 1984). (Mean and Standard deviations
[STDI for bird density are calculated from three surveys along each of

the four 800-m transects in each study area. Mean density of birds has
been equated to other studies by standardizing sample areas. Density ha:

been presented as numbers of individuals of each bird species in 100.

SPECIES R!PARIAN CONTROL RIPARIAN TEST PRAIRIE CONTROL PRAIRIE TEST

MAN STD MEAN STD MEAN STD MAN STO

BLUE WING Tk p
GREAT BLUE HERON 6 0
5REEN HERON 6 0 8. 0
UPLAND PLOVER 6. 0 13, 0 10 4 13 a
KILDEER a 0 7 1 10 5 13 0
80BWHITE UAIL 8 3 i5 5 8 4 10 3
RIN56NCK PHEASANT 6 0 6 0 10 8 1
MORniG AOVE 20 4 15 7 22.01 13 25.0^ 38
TURKEY VULTURE 7.0^ 1 6.0^ 0
RED-TAILED HAwK 6 0
PARRED OWL P P

YELLOW BILLED CUCKOO 14 6 15 7 6 0 13 10

DOWNY WOODPECKER I3 0 a 0
RED-HEADED wOODPECKER 13 0 15 10
FLICKER 11 3 13 9 6 0
COMMON NIGNTHTWW t0o 3 9" 5 21 14 12 6
SCISSOR-TAIL FLYCATCHER W3* 0
EASTERN KiN6BIRD 27 6 23 4 20 6 13 0
WESTERN KINGBIRD til 0 25 0
GREAT CRESTED FLYCATCHER 25 0 39 30
EASTERN WOD PEWEE 1 7 15 9
BLUEJAY 27 39 14 5A 0 &* 0
COMMON CROW 39 0 7 1
BROWN-HEADED COWBIRD 28 II 27 1i 43^ 30 32^ 16
RED-WING BLACKBIRD 19 8 20 4 13 7 335 21
WESTERN MEADOW LARK 16 3 16 2 22 39 34 3
ORCHARD ORIOLE 29 29
NORTHERN ORIOLE 24 5 24 19 30 6 13 0
GRACKLE 13 0 19. 7
GOLDFINCH 28 9 33 It 22 4 17 9
GRASSHOPTER SPARROW I1" 3 7. 1 16 7 30 22
CHIPPING SPARROW 25 0
FIELD SPARROW 20 5 12 3 8 0CARDINAL 15 8 16 7 18 9 .

ROSE-BREASTED GROSBEAK 22 19 18 5 27 20
INDIGO BUNTIN6 17 9 19 8 31 4
DICKCISSEL 37' 25 715 25 97 15 It0 42
BARN SWALLOW 13 0 25 0 6A 0 19' 8
TREE SWALLOW 21 7 11 4 19^ 8 6. 0
ROUGH-WING SWALLOW 15 9 20^ 9 %.,
LOGGERHEAD SHRIKE 7 3 7 3
WARBLING VIRIO 33 3 8 0 13 0 17 12
YELLOW WARBLER 25 0 8 0 V*`
COMMON YELLGWTHROAT 16 14 29 17 18 33 16 4
CATBIRD 14 2 17 7 9 3
BROWN THRASHER 16 7 33 16 13 5 20 20
HOUSE WREN 51 I7 23 9 22 4
BLACK-CAPPED CHICKADEE 16 A 8 0
ROBIN 33 0 13 0 13 0
EASTERN BtUEBIRD 25 0
CHIMNEY SWIFT 25 0

TOTAL SPECIES 30.8 3.3 30.8 2.2 22.0 3.5 18.0 1.7

VISITING SPECIES, 4.8 1.0 5.8 1.3 3.5 1.3 5.5 0.6

BREEDING SPECIES 26.0 2.6 25.0 2.4 18.3 1.7 12.8 2.5
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Small Moammnl Studies

The prairie deer mouse (Peromnyscus maniculatus bairdii) was the most abundant
prairie small mammal, accounting for more than 82 and 39 percent or the captures in the
prairie control and test areas, respectively (Table 12). Except for two Blarina in the
prairie test site, and one least shrew (Crvptotis) in the prairie control, all other captures
in these areas were similar, both in composition and number. Although density of some
mammal species was higher in the prairie test area, the total captures (51 and 33,
respectively, in the control and test) suggested slightly elevated populations in the
control.

The white-footed mouse (Peromryscus leucopus) dominated the riparian test and
control areas and accounted for well over 50 percent of the captures. The total numbers
and richness of captured small mammals were virtually identical (90 and 98 individuals in
the control and test, respectively). Slightly fewer prairie voles (Microtus) and no
Per onyseus m aniculatus were captured in the riparian study areas, but the meadow
jumping mouse Z apus was captured only in the riparian sites. The prairie areas were also
very similar; however, trap successes of 3.4 to 5.3 percent in the prairies compared to
9.4 to 10.2 percent in the riparian areas may suggest fundamental differences between
small mammal populations in prairie and riparian vegetation types.

Table 12

Smali Mammal Trapping Data and Analysia Based on Four Trap Days
(60 traps [960 trapdays] in each study area, 13-26 June 1984).

STUDY AREAS
PRAIRIE PRAIRIE RIPARIAN RIPARIAN

SPECIES CONTROL TEST CONTROL TEST

Blarina brevicada 0 2 0 9

Cryptotis parva 1 0 2 0

Mircotui ochroqaster 3 9 5

Peromyscus leucopus 2 8 80 79

Peromyscus maniculatus 42 13 0 0

Reithrodontomys sp. 3 I 2 3

lapus hudsonmus 0 0 1 2

TOTALS 51 33 90 98

TRAP SUCCESS 5.3 3.4 10.2 9.4
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Discussion

Riparian forest habitats generally support higher bird and small-mammal popula-
tions than adjacent nonriparian habitats. Riparian systems in the western and
southwestern United States hate the highest-density bird populations of all North
America forests of equivalent area." Compared to the adjacent grasslands, avian
density in the riparian study areas was high. This may suggest similar general
conclusions regarding the importance of Fort Riley's riparian areas for maintaining local
and perhaps regional avian diversity. Consequently, the manipulation or loss of riparian
habitat may extend several hundred meters beyond the edge of the streamside k
vegetation. In the desert southwest, it is questionable whether riparian areas are a
renewable resource that can sustain damage and exploitation.' ."

The riparian habitats in and ad~acent to the M¶PRC are successional communities
resulting from farming and logging during the late 1800s to the 1940s. No baseline data -{

were available on the riparian system's condition during presettlement times. Most of
the tree species occurring in these areas reproauce vegetatively, and are not eliminated
completely by logging (for example, processes such as stump suckering occur). Thus, the
existing riparian habitat plant species mix is similar to that of the presettlement
condition. Structural aspects of the habitat have likely been modified and have
undoubtedly influenced the avifauna. This is especially true if correlations between £
avian communities and habitat structure found elsewhere apply at the study areas. 16

The avian communities at Fort Riley are probably similar to presettlernent communities,
since the historic riparian habitat was also perturbed by disturbances that created edge
habitat between riparian and prairie. Fire, winter exposure, drought, insect
infestations,windthrow of trees, ice storms, and other perturbations enriched edge
habitats. Most birds in the present riparian systems either breed or feed in edges. Thus,
disrup* n of edge habitat can greatly reduce avian and other populations. If edges are
left l.ta't, and the riparian core modified, there will be fewer changes in avian
communities; if riparian systems are left intact and the edges modified, greater changes
may be expected.

Riparian systems are not only important breeding and water areas for birds and
mammals, but also serve as migratory habitat. They often contain 10 times as many
migratory animals as nonriparian habitats." Complete destruction of riparian area in
the M1PRC would greatly modify avian communities. Sustained heavy use of these areas -t

might cause less, but still substantial declines, because many of the vocally reliant
breeding and avian courtship behaviors may not succeed above military noise. Construe-
tion and use of the MPRC may cause loss of birds in the prairie areas because the r:
predominant vegetation (perennial prairie grass and forb) will change to plant forms
dominated by weed species, possibly with areas of bare soil, or the site may become
dominated by monocultures of nonnative vegetation.

Construction and use of the MPRC area are likely to cause vegetation shifts. If
riparian vegetation is bulldozed, some riparian species may be eliminated locally in the

'J. R. Lacey, P. R. Ogden, and K. F. Foster, Southern Arizona Riparian Habitat; Spatial
Distribution and Analysis (University of Arizona, Tucson, 1975).

I 1J. R. Lacey, P. R. Ogden, and K. E. Foster.

16J. R. Karr; M. F. Wilson, "Avian Community Organization and Habitat Structure,"
Fcology, Vol 55 (1974) pp 1017-1029; R. iI. MacArthur, "Environmental Factors
Affecting Bird Species Diversity, "A.rer. Nat., Vol 98 (1964), pp 387-398

,,acey, Ogden, and Foster.

38 . .t

i•1• -I - .# i . II a• i- i-• i- i * . I I i ,I i . • • i • I •1 "1 -I • i i . 1 • .*. . -I I* • " . • 11#1 4.



short term. The duration of this impact is determined by the time necessary for natural
dispersal mechanisms to bring seeds in and for the plants to become established. Somc
species. including ragweed, sunflowers, poison ivy, elders, and coralberry, may flourish
with construction and MPRC use. Thhty to 50 years may be required to reestablish
larger woody vegetation with forest structural aspects that are attractive to wildlife. If
soils are disrupted significantly or lost during construction or use, this amount of time
may be prolonged. If the riparian core is left intact and edge habitat is lost, restoration
of edge habitat would be gre-Itly accelerated by the adjacent intact riparian core, which
can serve as a source of plant oropi.gules.

Species whose habitats are disturbed by construction of the MPRC will likely cause
the immediate replacement of existing prairie plants. Many prairie plant species that
have reestablished over the years in the fallowed MPRC lands would be reduced or
eliminated. Their reinvasion and establishment in the MPRC may be slower than during
the reinvasion after farming, especially if soils are significantly modified. The seed
source for prairie plants that could potentially reinvade may become more removed from
the MPRC due to increased destruction of vegetation and soils by tracked vehicle use on
adjacent lands. Plant succession could be initiated after construction of the MPRC.
Loss of soil, intact vegetation, and soil-seed banks (seeds preserved in the soils that
resprout with disturbances) could cause poor regrowth of native prairie plants and could
reduce the importance of the prairie community. Weedy plant species that respond
quickly to disturbance will replace the prairie plants. Tteveral plants that are already
present and are likely to invade and increase in the MPRC land are onsidered noxious
species, and their increased importance would be undesirable. These include thistles,
bindweed, and poison ivy. If soil disturbances are severe, even establishment of
disturbed-site plant species may be slowed.

A shift toward weedy plant species may shift mammals toward greater dominance
by deermice (Peromyscus spp.), with reductions in shrews, voles, moles, and perhaps
other species. Mammal populations at Fort Riley have been found to be higher than
those on adjacent lands. This is thought to result from the patchy vegetation mosaic
present, including intact, undisturbed native prairies and successional farmlands. If
native prairie grasses and riparian vegetation reestablish after construction, small-
mammal populations may return to existing levels or at least to naturally fluctuating
populations. However, with construction and persistent use of the MPRC, small-mammal
populations may decline (a, much as 20 percent has been measured) and may shift in
species composition and diversity.

With increased weediness of the existing prairies, avian communities may also
decline, and some prairie bird species may leave the area. However, a lush regrowth by
invading weed species might favor quail, pheasants, prairie chickens, doves, grackles, and
red-wingeJ blackbirds. A~ian visits may increase with increased weediness. If disturbed
Prairies Fre gradually replaced by prairie grasses, a shift toward upland plovers,
Jrassnopper sparrows, dickcissels, and meadowlarks is likely. These species would be
especially attracted and invasive when the insects they feed on return or are accessible.
Meadowlarks and plovers eat mostly beetles, while dickcissels and grasshopper sparrows
use lepidoptera and orthoptera insects and prairie grass seeds for food. However,
persistent military use could substantially reduce prairie bird populations.

Five Year Wildlife Management Plan.
'P. G. Risser, E. C. Birney, iH. D. Blocker, S. W. May, W. J. Parton, and J A. Wiens, The
"True Prairie Ecosystem (Academic Press, 1981).
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The data of this study concur with those of a study by Johnston on the relative
numbers of birds using riparian and prairie habitats in Kansas. 20 Johnston found that 23
bird species, or 13 percent of the 176 species in the state, used only the prairies. Risser,
et. al.,'" found that 13 to 15 bird species used the prairies. The data for the current
study also concurred with Risser on bird species that are important in prairies. Prairie
bird species make up about 5 percent of all North American bird species. In Kansas,
about 58 percent of all birds are woodland species; some were at their range limits in the
Fort Riley study region. This included the scissor-tailed flycatcher at the northern edge
of its range, the black-capped chickadee at its southern limit, and several species at
their western range limits in Kansas riparian systems. Included w. re the orchard oriole,
yellow-billed cuckoo, and chipping sparrow.- Numerous active nests (containing eggs)
found during this project suggested the study period was, good for analyzing avian
communities; this was supported by Johnston as being the perioa when most birds breed
during an average year.

Some mammal species were also• close to their range limits in the study region. For
example, the meadow jumping mouse (Zapus hudsonius) is limited to wooded portions of
Kansas because of affinities with the deciduous forests. No captured mammal species
was indigenous only to grasslands. In general, mammal community composition was
typical for this area of Kansas. The region is located in or near the edge of several
biotic provinces. No endemic mammals were collected (or occur); however, 27 to 43
mammal species are found in this region, depending on the relative importance of
deciduous forest and prairie in an area.

Ecological Implications

Woody plants may actually increase in some areas because cf tracked vehicle
damage to prairie sod." Establishment of woody vegetation ;n the prairie could increase
the effective habitat edge. However, since soils in the study area are very susceptible to
compaction, the potential for establishing wood vegetation in tracked vehicle ruts may
be reduced. The tracked vehicle use per acre is already high. 2 5 With development of the
MPRC, it would be expected to increase substantially and become intensely localized.
The road improvements that accompany MPRC development might also increase use
because they would provide better access to the MPRC area.

Historic grazing and farming o" the property has likely been responsible for%
reducing prairie forbs and grasses. Many plant species known to increase with grazing

2 °R.F Johnson, The Breeding Birds of Kansas. Vol 12, No. 14 (University of Kansas,
Museum of Natural History, 1964), pp 575-655.
Risser, et al.

'D. W. Johnson and E. P. Odum.
1E. L. Cockrum, Mammals of Kansas., Vol 7. No. I (Univeristy of Kansas Publications,
Museum of National History, 1952), pp 1-303.

'T. B. Bragg and L. C. Hulbert, "Woody Plant Invasion of Urtbried Kansas Bluestem"
Prairie", Jo Range Management, Vol 29, No. 1 (1977), pp 19-24.

:W. D. Goran, L. I. Radke, and W. 1). Severinghaus, An Over).'iew of the Fcological

Effects of Tracked Vehicles on Major U.S. Army Installations, Technical Report
N-142/ADA126694 (U.S. Army Construction Engineering Research Laboratory [USA-
CEll.LI, 1983).
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and agricultural disturbances were found to be widespread and relatively abundant (Table
9) in the prairie study areas. 2 6 This suggests either that farming and grazing were
widespread, or that farming followed by military activities had an effect on plant species
composition that was similar to the effect of grazing and agriculture in other areas.
Most land in the MPRC has been subjected to recurring disturbances by tracked
vehicles. Only a small part of the area has been exposed to constant, intense, or
frequent repeated tracked vehicle use. Single drive-through events by tracked vehicles
were frequent around the proposed MPRC property and in parts of the control study
areas.

Although not exhaustive, the following lists several tracked vehicle impacts that
were observed and some that are likely to occur in the MPRC area.

1. Tracked vehicle impacts can cause or initiate soil compaction, reduce soil
permeability, and increase erosion potential.

2. Shearing of soils with exposed cuts can increase soil erosion potential. The
reduced albedo of exposed soils can raise soil temperatures, which can reduce successful
establishment and survival of vegetation.

3. Soil ruts can occur and can concentrate runoff and lead to gullying.

4. Vehicle tracks can initiate stream bank erosion by destroying bank vegetation or
by modifying in-stream flow patterns and rates.

5. Dust generation can reduce vegetation production and eliminate intolerant
plants.

6. Direct elimination of vegetation by shearing and scraping can select for plant
species that can survive these disturbances.

7. Damage or removal of tree canopies can eliminate subvcgetation that requires

shade.

8. Damage to tree roots and branches can allow infections to enter plants.

9. Reduction of woody vegetation cover, forest structure, and complexity of
ground cover vegetation can modify aian and small-mammal populations.

Generally, construction activities can be expected to have similar impacts,
including:

1. Complete removal of topsoil (which contains soil-seed banks) and destruction of
wildlife habitat are often likely in the short term.

2. Widespread soil compaction, disruption fo soil structure, and loss of all
vegetation may occur.

Many other impacts are associated with tracked vehicle use and construction
activities. Critical considerations in designing tracked vehicle use areas (e. g., locating
trails along land contours and considering seasonality and frequency of training area use)

":Risser, et al.
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are important. Properly designed training ground accesses and stream and slope
crossings can minimize tracked vehicle impacts. However, a tracked-vehicle training
program must also have feedback mechanisms for informing land managers about how
effective their management strategies are. Monitoring the impacts and effectiveness of
mitigation ana reclamation is required; however, it can also serve as an important
feedback mechanism.

Reclamation, Ecological Monitoring, and Management

An ecological monitoring program would greatly facilitate use of the MPRC for
sustained, long-term training activities. The period of time over which the MPRC can be
used for effective training will be governed partly by the management strategy for the
land, which is closely linked to reclamation and site stabilization, and ultimately to a
strong monitoring or feedback program. After a construction zone is reclaimed by
introducing vegetation cover and modified surface hydrologic strategies, it is also
important to maintain a relevant, effective system. This depends on having a good
monitoring program.

Reclamation becomes increasingly difficult with the increase of slope, substrate
erodibility, toxicity/soil nutrient relationships, and frequency and persistence of success-
reducing agents. It is difficult to reclaim a heavily used tracked-vehicle training area.
Rotation of training activities away from reclaimed belts or, at least minimizing the use
of selected areas, such as buffers or vegetation plantings, would be desirable; however,
this may not be compatible with intended military land uses.

Reclamation strategies must consider the varying intensity of military training
activities. A variety of plant species with different tolerances to training activities
should be used. For example, use of tolerant buffalo grass (Buchloe dactyloides) or blue
grama (Bouteloua g-•acilis) is recommended over introduced species (e.g., Festuca elatior,',

Bromus inermis, etc.) or even some native, soil-compaction-intolerant species, like big
and little bluestem grasses (Androp1oon gerardii and A. scoparius). Native, locally
adapted genetic stock should be used for reclamation. Fort Riley is ideally located for
collecting locally grown seed for reclamation.

Localized High-Risk Erosional Areas ,.

Localized high-risk erosional areas occur along road corridors, in construction
corridors, along tank trails, in association with targets, and in slope and stream crossings
and other areas receiving persistent heavy tracked-vehicle traffic. Reclamation of these
areas should try to control surface water flow and minimize erosion. Establishment of
vegetation cover could be the cheapest long-term solution; however, this may not be

* possible in the most heavily impacted areas. An alternative would be to establish
, biological sediment traps that use plants to filter and catch eroded materials2 7 before

they enter Madison Creek or its tributaries. These catchment basins and filtration
systems should be planted with wetland plant species, including cattails (Typa spp.),
reeds (Scirpu spp.) rushes (Cyperu spp.), sedges (Carex spp.), and rooted submerged
aquatic plant species (Potamogeton spp., Elodea spp., Certophyllum sp., etc.). Collected
sediments could be removed from primary catchment areas and placed in upland areas

2 7 Environmental Impact Statement: Fresh Water Wetlands for Wastewater Management,
Technical Report #904/9-83-107 (U. S. Environmental Protection Agency [USEPA],
March 1983).
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for revegetation. Minimizing of erosion in upslope areas would reduce the maintenance
demands of the sediment traps and, if entirely effective, would minimize the need to use
the traps. Contour vegetation belts and low-use areas that are removed from heavy
military activity could a!so be useful.

Expansive High-Risk lrosional Areas

Expansive. high-risk erosional areas include large areas from which topsoil is
iemoved for berm eonstruction, where slope contouring has occurred, or where vehicles
•:'e held temp>rarily. They are expansive, disturbed areas that may span several
drainage systems. It is recommended that sediment traps be used in critical areas and
that slope contour plantings be emplaced. Vegetative belts in conjunction with surface
water runoff regulators could be used to effectively minimize movement of soils from
construction areas to downstream environments such as Madison Creek and Milford
Reservoir. It is also recommended that the belts be planted with native prairie species
and a fast-growing, soil-stabilizing cover crop. Disturbed sites would then be reestab-
lished as prairie. The cover crop (e. g., barley, oats, wheat, sweet clover) call effectively
minimize erosion, cool soils, and invite insect, avian, and small-mammal use of the
property. It can also promote growth and establishment of native prairie plants. In the
Putumn, local prairie hay should be cut and spread over areas to be reclaimed shortly
after winter wheat (cover crop) has been planted at high seeding rates. Germination of
the wheat and its growth through the prairie hay in both the fall and spring will help
stabilize the hav during windy periods and promote its contact with soil. If other plants
are to be introduced, they should be seeded at the same time as the winter wheat, or the
seed broadcasted after the wheat has become established. This technique, coupled with
applications of si'~e-specific fertilizer (based on soil sampling) will get the seed into the
soil st the best time for establishing native grasses. It will also mulch the system with
long, fibered material at minimum cost (compared to commercially bagged wheat hull
mulch), and should result in a low-maintenance vegetation cover. Because Df the
generally positive response of prairie grasses and forbs to fire, it may be desirable to
include these areas in the burning program at Fort Riley. This may favor wildlife species
associated with prairie. It is important to time the haying operation so that the seed is
in the correct stage for harvest. Reducing the time that hay is held before being spread
may be desirable for maximum seed viability.

Riparian and Fdge Habitat

Traditional forestry practices--planting of trees and shrubs--might be desirable for
reclaiming habitait edges. Seedling stock can be purchased (or perhaps grown in a nursery
at the installation) and then reintroduced. Planting black walnut seed, branch cuttings of
willow and hybrid popar species (into muddy moist soil areas), and root cuttings from
dogwoods. elders, and wild plum could accelerate natural successional processes.
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2 ESTIMATES OF TRAINING IMPACTS ON
SEDIMENT YIhLD AT TIPE FORT RILEY,
KS, MPRC*

Introduction

The Fort Riley MPRC trains personnel in a dynamic battle situation, and has
several advantages over static firing situations. However, there will be environmental
problems associated with this concept, since it requires continuous movement of
personnel and armor across the land. One problem is the possibility of increased soil
erosion caused by the anticipated disturbance to vegetation and soils. This chapter
assesses the potential erosion impacts of the MPRC to help land managers at Fort Riley
prevent degradation of the complex to an unusable condition.

Approach

The potential erosion problems of the MPRC were assessed using a mathematical
model to predict water and sediment yield from watersheds. The model is currently part
of the U. S. Army's Environmental Technical Information System, 2 8 available through
USA-CERL. In general, the model simulates the movement of water and sediment from
rainfall, across the soil surface, and through channels systems. The model is based on
actual physical processes and is the best state-of-the-knowledge representation of the
important controlling phenomena responsible for erosion.

Because of budget constraints, on-ground data collection consisted of only a field
inspection and bulk soil sampling. The cther data needed to run the model were gathered
from published sources, such as maps, construction drawings, soil surveys, scientific
literature, and previous reports on the area.

The MPRC was modeled with respect to: (1) its role as an impacting agent on
watersheds draining the area and (2) a sediment source via the proposed road network.
The first part was approached in "before and after" scenarios. The ba- rainfall event
was a 25-year-return-period, 1-hour-duration storm of 3 in. total depta distributed in
time following U. S. Bureau of Reclamation suggested fractions of 0.48, 0.71, 0.88, and
1.0 for the 15-, 30-, 45-, and 60-minute depths, respectively.

Six drainages were modeled as shown in Figure 3. All drainages except number 2 in
Figure 3 contribute to Madison Creek near the MPRC. For the model, the drainages
were broken down into 10 small watershed units, seven planar units, and eight channels
(Figure 4). Information on infiltration rates, soil particle size, vegetative cover, and
geometric characteristics was developed for all these units. Table 13 summarizes the
geometric characteristics. Soils in the MPRC are predomi•nantly silt loams and silty clay
loams. Published infiltration characteristics from the literature were used in the
model. The hydraulic conductivity of the soil was assumed to be 0.3 in. per hour. The
bulk soil samples were sieved, resulting in a distribution that was 18 percent in the silt

*Prepared by Tim J. Ward, Associate Professor of Civil and Geological Engineering,

New Mexico State University, Las Cruces, NM.
2 6R. D. Webster, et al., Modification and Extension of the Environmental Technical

Information System (ETIS) for the Air Force, Special Report N-8/ADA079441 (USA-
CERL, 1979).
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Figure 4. Schematic of drainage units.
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Table 13

Geometric Characteristics of Drainage Units

Unit Part* Area (acres) Flow length (feet) Slope, decimal

WS1.1 L 18.5 343 0.054
R 27 500 0.042
C -- 2344 0.030

WSI.2 L 45.5 1035 0.039
R 19.5 443 0.041
C -- 1912 0.018

p1.1 9 333 0.045
PI.2 47 1740 0.031
CHI -- 1175 0.017
Pl.3 51.5 682 0.042
CH2 -- 3289 0.006
CH3 -- 2160 0.005
WS2.1 L 100 677 0.025

R 159.5 1080 0.038
C -- 6428 0.016

wS2.2 2 L 123.5 810 0.030
66 433 0.029

C -- 6620 0.016
wS 3 L 42.5 528 0.028

R 33 410 0.038
C -- 3500 0.023

CH4 -- 3000 0.003
WS4.1 L 16.5 378 0.025

R 23.5 540 0.027
C -- 1896 0.022

wS4.2 L 19 657 0.032
R 7 242 0.026
r -- 1258 0.029

P4.1 64 934 0.032
P4.2 85 1244 0.032
CH5 -- 2970 0.016
CH6 -- 5040 0.002
WS5.1 L 20 364 0.020

R 38.5 700 0.032
C -- 2390 0.021

WS5.2 L 26 650 0.030
R 9.5 238 0.032
C -- 1738 0.023

P5.1 125. 5 1211. 0.034
P3.2 p2.5 603 0.030
CH7 -- 4516 0.010
WS6 L 33 388 0.037

R 65.5 760 0.035
C -- 3700 0.023

CH8 -- 720 0.003

* L - left side when looking downstream.

R - Right side when looking downstream.
C - Channel common to both sides.
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and clay range and 15 percent in the gravel range. These values seem to be a bit higher
than the published values, but were used in lieu of better data. Ground cover was
estimated to vary between 80 and 100 percent, but the more conservative 80 percent was
used for the modeling.

Results

Four scenarios were simulated. The key variables changed were the hydraulic
conductivity and the ground cover. Scenario 1 was base conditions. Scenario 2 was a 75
percent reduction in the hydraulic conductivity and a reduction to 30 percent of the
ground cover. Scenario 3 was a reduction of the ground cover to 10 percent, and scenario
4 was a mixed scenario, in which the variables were modified according to how much of
the drainage unit was in the MPRC. As expected, the worst scenario was number 3.
Here, onslope sediment yields increased by factors exceeding 100 on some planes, and the
overall sediment yield at the mouth of channel 8 increased by a factor of 5.0. Scenario 4
produced a 3.5 increase, and scenario 2 produced a 2.1 increase.

Road sediment yield was analyzed using slopes of 2 and 6 percent and lengths of
100 and 500 ft. The yield per unit area was much greater for the roads than for the
baseline offroad areas, but as the scenarios tended toward decreased stability, the
offroad areas often exceeded the lower-slope road values.

Conclusion

Given the physical environment and potential impacts to the soil and vegetation in
the area, it appears that the MPRC would increase sediment yields by a factor of 2 to 5.

I-
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3 ENVIRONMENTAL. IMPACTS, MAINTENANCE, AND MANAGEMENT

PERSPECTIVES AND OPTIONS FOR THE FORT RILEY MPRC*

Introduction

In August 1984, USA-CERL hosted a 2-day workshop to review technical informa-

tion and discuss environmental impacts and management options for the land in and

around the new Fort Riley .MPRC. This chapter summarizes the finding of the

workshop. Details of the technical presentations are reported elsewhere. - -

The immediate goal of the workshop was to present a forum for discussing

environmental and operational concerns related to MPRC construction, use, main-

tenance, management, monitoring, and conceptual design. Discussions focused on the

land needed for training activities, the types of training activities proposed, and the

weapon systems to be used at the MPRC. The ultimate goal of the workshop was to

prepare a guidance document and a training program for managing and designing MPRC

areas for use by other posts installing this type of range. The product would help post

engineers develop "scopes of work" for MPRC design, development, and maintenance

contracts and for scientific investigations. Discussion focused on the land needed for

training activities, the types of training activities proposed, and the weapon systems to

be used at the NIPRC.

,u

The Fort Riley MPRC

The MPRC, which encompasses 4500 by 1000 m, consists of a block of land with

three nonlinear lanes that enter the complex or. one end and move roughly two-thirds of

the total length of the range to turnaround locations. Tanks will exit at the same place

they enter the range. Training will be geared toward various types of weapons and their

uses, including infantry. More than one lane will be used concurrently, and day and night

training activities will receive nearly equal priority. The expected annual training period
is 320 days, with 45 days allotted for maintenance.

Firing lanes will be guided by billboard-sized panels that direct shc)ters to aim

within the margins of the safety fan. The firing lanes and perhaps some critical

roadways within the range will be illuminated for night maneuvers. The size of the

safety fan will change with the type of weapons being used. Because of the longer axis

Of the new range and the additional margin of safety needed for many of the new

weapons, the fan will be larger than normal. Although training and land management of

much of the fan will be possible when coordinated with activities on the range, the off-

limits area in the new fan will be larger than for the previous range.

Vehicle travel within the MPRC is to occur only on established roadways. Cross-

country and road' travel will occur on peripheral acreage and on the approach to the

complex.

"Prepared by Steven I. Apfelbaum. Karin A. Heiman, Chuck Sams, and Neil Thomas,
Applied Ecological Services, Juda, WI.

'Environmental Impact Statement: Fresh Woter Wetlands for Wastewater Management;
J. A. Bare.
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Construction of the complex involves moving massive quantities of earth over
about 75 percent of the MPRC. Two-thirds of the construction project involves moving
earth, emplacing berm systems, and developing the target sites and associated approach
lanes. Construction of the MPRC had begun at the time of the workshop and the
construction itinerary, design plan, and revegetation plans were discussed briefly.

Summary of Technical Presentations

Technical information was presented that described the current condition of select
physical and ecological attributes of the MPRC and adjacent areas. Surface hydrological
studies and modeling established existing soil loss rates by erosion; they also facilitated
prediction of potential losses under different land management strategies as they affect
the key determinants of erosion control. 3 0 A major conclusion was that soil erosion will
increase two to five times during construction. However, additional studies will be
necessary after construction, final landscaping, and road layout have been completed.
Soil losses were directly related to potential degradation of water quality in streams
originating or passing near the MPRC. The vulnerabilty of the soil types in the MPRC
was discussed. Subsequent presentations detailed the existing ecological condition in
areas to be disturbed by MPRC construction and use and in adjacent areas that would
remain unmodified. The study team characterized the present condition of vegetation,
birds, and small mammals, and discussed potential impacts of the MPRC. The team has
installed a permanent ecological monitoring system that can reliably assess the impacts
of MPRC construction and use.

Summary of Discussions

Discussions that followed the technical presentations were of four general topics:
(1) impacts of MPRC construction and use, (2) land management design, maintenance
needs, and suggested mitigations, (3) environmental monitoring and additional research i
needed to determine impacts and guide maintenance, and (4) design and construction
recommendations. The following sections summarize the discussions of each topic. The 4.:4

numerous questions on specific concerns that were raised during the workshop have been
summarized as further research needs.

Impacts of MPRC Construction and Use .,.

Significant environmental impacts are associated with MPRC construction, use, and
maintenance. Use includes vehicular use of the roads or off-road travel, weaponry use,
and impacts within watersheds that are used.

1. Construction-Related Impacts--Ecological:

a. Construction activities will virtually denude about 75 percent of the MPRC. ___

b. Depauperization of the existing flora is expected; this may result in the
local short-term and possibly long-term loss of many prairie species in areas within and
adjacent to the MPRC.

3 ýEnvironmental Impact Statement: Fresh Water Wetlands for Wastewater Management. . -
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c. Vegetation and plant species favored by disturbed soil conditions will
become more abundart with construction and use of the MPRC.

d. Amounts of undesirable noxious weed species, such as thistles (Cirsium
canadensis, Carduus nutans), will increase following construction activities.

e. Structural aspects of wildlife habitat will be reduced by construction
activities that directly or indirectly impinge on riparian and edge habitats with trees and
shrubs (e. g., along Madison Creek).

f. Reductions of breeding and visiting birds and perhaps migratory species are
likely with loss or modification of riparian and edge habitats.

g. Construction activities will alter prairie bird species richness and popula-
tions. Several species are likely to decline for at least the first few years after
construction. These include upland plower, dickcissels, and grasshopper sparrows.

h. Small-mammal populations may decrease and become ,ess diverse, and
species may shift in relative abundance.

2. Construction-Related Impacts--Soils and Hydrology:

a. Loss of topsoil, labile soil nutrients, modified soils moistures, inversion of
horizons, and increased compaction of surface and subsoils will occur to various degrees,
depending on soil type, slope, aspect, and erodibility, and may be more pronounced and
significant a problem if soils are exposed for longer periods of time during and after
construction.

b. Increased soil compaction is expected, which will probably decrease
infiltration and increase overland runoff and erosional soil loss.

c Depending on existing topography and watershed layout, erosional soil losses
are expected to increase two to five times.

d. In some watersheds, peak surface water flow rates are expected to nearly
double. Peak discharge will occur sooner after a storm event.

e. Stream channel degradation and configurational changes are expected to
result from sedimentation and changes in surface water movement into and through the
water courses. This is expected to destabilize existing channels.

f. Roads within the proposed MPRC generally cut across slope contours, and
this layout will both increase erosional problems and destabilize roadways.

g. Berm design and placement will modify drainage patterns and may cause
erosion problems of unknown proportion.

3. Use-Related Impacts--Ecological:

a. Continuous disturbance of soils will select for weedy plant species, which
can obscure targets and promote increased wildfire frequency and severity. Undesirable
noxious weed species are expected to increase in the MPRC, adjacent areas, and the
safety fan, especially if maintenance of safety fan land is preempted by "off-limits"
status.
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b. Degradation and continuous denudation of target areas and locations
subjected to frequent drive-throughs are expected to increase the erosion potential and
destabilize the areas.

c. Dust generated by vehicle traffic is expected to reduce or eliminate
roadside vegetation cover, which could make roadways and adjacent ditch systems
vulnerable to erosion. The annual plant species that would be favored by dusting provide
little or no soil stabilization benefits.

d. The large amounts of fuel fumes associated with heav;ly used corridors in
the MPRC would reduce or eliminate vegetation for several meters on both sides of the
ro,.Jays and w-uhc dcstabilize roadways and associated drainage structures. Runoff
from deposits of these materials may contribute significant pollutant loads to aquatic
systems, including Milford Reservoir.

e. Muzzle blast zones associated with the firing of some weapons is expected
to eliminate vegetation 10 to 15 m on both sides of the weapon, and for an equal or
longer distance in the line of fire.

f. Explosion byproducts and discarded ammunition materials will be deposited
in and around the MPRC. Some byproducts, such as phosphorus and nitrate-based
materials, may stimulate plant growth, and may undesirably enrich local and perhaps
regional aquatic systems. Heavy metal contamination may occur in local plant and
animal populations, and some of these materials may be transported by runoff into
aquatic systems.

g. Use of flame-throwers and phosphorus-based ammunitions will likely reduce
woody vegetation by increasing wildfire frequency. This would favor fire-tolerant
species, including some of the prairie perennial plants and a variety of annual weed
species. Disruption and destabilization of soil humus and increased loss of nutrients are
expected with increased burning frequency or burn severity.

h. Military debris (ammunition shells, etc.) will make it difficult to mow areas
with undesirable weed species, and may make hay leasing of land less attractive. An
increase of noxious weed species and plants (e. g., most annuals) that are undesirable for
forage would also provide a less nutritious or desirable hay. An increase in the land
committed to the MPRC, the safety fan, and roadways and support lands will likely
decrease the acreage available for rent.

i. Decreased revenue generated by decreased hay leases may upset the budget L
of the Post Fish and Game Service and jeopordize the service they provide to Fort Riley.

j. Unless carefully directed and regulated, night training on the MPRC could
destroy roadways, culverts, drainageways, berms, targets, and support structures.

k. Frequent soil disruptions around targets are expected to produce continuing
problems v .th weedy plant species obscuring the line of sight from firing positions to A

targets.

1. New weapon systems and ammunitions are expected to be larger and more
destructive. One example is the new Vulcan system, which can dig a 6-ft-deep by 22-ft-
long hole when firing a nonexplosive projectile. The new weapons are expected to
destabilize target locations and berms more frequently and more severely.
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m. The heavy season use of the MPRC will require a trained and dedicated
maintenance crew and schedule. A relatively short maintenance period of 45 days per
year and ý.eavy demand for use of the MPRC may make maintenance difficult. Poor or
untimely maintena ., may accelerate degradation of MPRC and adjacent lands.

Suggestions for Land Management Design,
Maintenance Needs, and Mitigation

Impact studies suggested that construction and use of the MPRC and idjacent
property will primarily upset soils and modify vegetation cover and plant species
composition, thus inceasing erosion potential. These environmental modifications would
promote or cause a variety of impacts. The following section addresses management,
maintenance, and mitigation options.

Program Development. It is clear that successful, sustained use of the MPRC and
adjacent areas will rely entirely on the efficacy, efficiency, and responsiveness of land
management and maintenance. Clearly, the magnitude of the training effort and the
potential resulting impacts will require a trained, committed maintenance crew
specifically responsible for upkeep of the MPRC and peripheral acreage. Maintenance
must be coordinateŽd carefully with MPRC activities and will require daily communica-
tion between range operators and maintenance crews. Care must be exercised in
procuring maintenance support by outside contractors. Since there is currently no active
program for land management (i. e., revegetation) at Fort Riley, an effective program
should be developed. This program should be coordinated by range operators, post
engineers, and contractors, and should be funded in a manner that will ensure that the
allocated money cannot be redirected for other uses.

Erosion Control. Several erosion control measures can be implemented during
construction and use.

1. Establish belts, or buffers of vegetation to catch and stabilize eroded
materials. This should include maintaining at least a 100- to 200-ft.-wide buffer of
existing vegetation along principal drainages, such as Madison Creek, within the MPRC.

2. Maintain and design roadways, trail systems, and berm and target structures so
they do not serve as direct corridors for runoff to aquatic systems. This should include
"maintenance of roadside drainageways, and may require limiting tracked-vehicle travel
on the road surfaces or in specified areas such as ditch and culvert system crossings.

P 3. Immediately stabilize and revegetate exposed and erodible substrates during
construction and use of the MPRC. Species used should be quick, low-growing,
"competitive, rel ,tively inexpensive (for seed and management), tolerant of wildfire, and
able to survive compaction by military vehicles. During construction, it is desirable to
i eed and stabilize soils even if they will be moved several months later. Aerial seeding
"with 60 lb or more per acre of winter wneat or rye should stabilize all but the steepest

U! sooes. This planting could :ilsn serve as a nurse crop for growing other plants such as
• native prairie species. Ilydroseeding revegetation techniques could be used on steeper

slopes. Spraying 80 to 120 lb of seed per acre along with commercially available wheat
hull mulch at a rate of 1500 to 3000 lb per acre should stabilize these areas. Costs
"associated with revegetation usually vary from $200 to $1500 per acre, depending on the
chosen revegetation strategy. It is cheaper and less time-consuming to revegetate than
to dredge or to move eroded substrates back upslope.
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4. Incorporate sediment trapping and biological filtration pond systems in strategic
locations to minimize entry of eroded materials into local aquatic systems. A filtration
system could also serve as a location for studying erosion severity, soil nutrient losses,
heavy metal and explosion byproducts, and other contaminants from military training
activities. Design criteria and literature reviews on filtration system efficiency and
maintenance have recently been published. Maintenance of the sedimentation pond
systems may include regular checks of the stru( cural integrity of dams, removal of
obstructions from emergency spillways or overflow pipe systems, and spotchecks of
visually conspicuous problems such as massive vegetation or wildlife mortality. Ponds
that fill with sediments may require deýatering and stabilization by revegetation or
removal of sediments, with stabilization of the stockpiles. Maintenance should be
coordinated with any research projects being done in or around the sedimentation and
biological filtration systems.

5. Stabilize all roadways and ditch drainage systems. Roadways might best be
surfaced with harder rock materials (if available) than the regionally used limestone.
Areas that are difficult to revegetate should be mulched. A number of mulching
possibilities are suggested, including use of wood chips (perhaps generated by landscaping
operations on the post or in adjacent municipalities), or agricultural products such as
straw, hay, cornstalks, or native prairie grass hay mowed from the post. Mulches will
help stabilize soils and make the range more attractive. Hay mulches can be applied
efficiently and quickly with commercially available spraying units. They may also help
reduce roadway erosion and dust generation. Mowed hay (especially when its content is
too high in undesirable plants) could be used for erosion control.

6. Suppress all wildfires on the MPRC during the falJ to preserve a winter and
spring vegetative cover and stabilize soils against erosion. Suppression will require
developing a plan, strategically locating firebreaks, and putting together a trained crew
with proper equipment.

7. Maintain all stream crossings to minimize channel and stream bank degrada-
tion. Minimize the number of crossings and stabilize banks and channels with vegetation,
mulches, gravel or riprap if necessary.

Vegetation Islands. Maintain "islands" -of vegetation to preserve local native plant
species that could invade adjoining disturbed lands. Islands used for concealment during
military training activities could also be designed to guide or break wildfire, and might
attract and support wildlife species.

Habitat Reclamation. Habitat reclamation with native plant species or preserva-
tion of existing vegetation and topographic features could reduce vegetation and wildlife
impacts associated with construction and use of the MPRC. ,-.

Noxious Weeds. Undesirable noxious weed species may be controlled in several
,;, iys.

1. In target locations where targets can be obscured, low-growing, aggressive, and
persistent species that respond favorably to frequent disturbances should be planted.
These species may be useful in any location where "line of sight" is obscured (e. g., from
shooting stations to targets) by taller plants, such as the common weedy species that
increase with soil disturbance.

3IT. B. Bragg and L. C. Hulbert.
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2. Mowing of areas having noxious weeds or plants that obscure vision may be
feasible in areas without large quantities of military debris (ammunition brass, etc.) that
would harm mowing units. Mowing in mid-June and again in late July to mid-August
would reduce visibility problems, seed production of undesirable species, fall wildtires,
and soil erosion. Military tracked vehicles could be used for mowing. Alternatives to
mowing include pulling vegetation crushers and choppers over the land using tined
harrows or roller chopper units, or flattening or uprooting vegetation by dragging
weighted chainlink fences over it. Experimentation will be needed to determine what
works.

3. Herbicides can be used to control undesirable species; however, chemicals and
application methods should be chosen carefully to prevent buildup of persistent chemicals
in soils (which could keep desirable plants from becoming established) and to avoid
hazards to health and the environment. A preliminary recommendation made at the
workshop is the herbicide ROUNDUP (RODEO) applied by spot application with a direct
contact wick applicator system. Broadcast spraying and using more than recommended
herbicide volumes or concenLrations are undesirable. Herbicides should be applied
several weeks before undesirable plants become tall enough to cause line-of-vision
problems or several weeks before they produce seeds. Although application times must
be adjusted seasonally, early to mid-June may be most appropriate. An advantage of the
wick application method is that it is subjects only the tallest weeds directly to herbicide,
while leaving the lower-growing plants beneath untreated. This may be an effective way
to favor Icwer-growing desirable species during the time it takes to eliminate undesirable
plants. In some areas use of herbicides has actually eliminated desirable plants and
selected for weed species; thus, the effectiveness of a herbicide program should be
monitored closely.

4. Wildfire (or control of inadvertent fires produced by military training activities)
could be used to control undesirable plants. Fires administered in late spring could
destroy undesirable plant seeds and seedlings, and select for fire-tolerant native
species. Carefully designed firebreaks and guidance systems could be used to guide fire
into desirable locations and to control fire at undesirable times of the year. Burnings of
the entire box area (4 x 6 kin) each spring could minimize dangers of uncontrollable
wildfires. After the fires, removal of nonburnable debris will greatly facilitate mowing.

5. Development of integrated mowing and mulching and herbicide and burning
programs will best ensure control of undesirable plant species.

Snow and fee. Winter snow and ice management of the MPRC may be necessary.

Targets may have to be deiced so that they stay or return to upright positions. Drifting
snow may have to be plowed to allow sightings between shooting positions and targets;
"snow may a!so affect a training program's efficiency. Attention should be given to berm
placement and relief. A design that takes into account the direction of prevailing winds
may caus e d.ifting snow to pass over or through the MPRC. Emplacement of strategic-
i.>; iocated snow feneing mav also guide drift movements.

Management of Dust. l)ust generated from roadways may be especially important
because of its destructive effects on the tracked vehicles' turbo-charged engines. Vision
problems from dust are less of a problem for the newer tracked vehicles because their
higher speeds ma,, allow them to outrun dust clouds. However, degradation of roadside
vegetation and potential vision obstruction (and thus safety problems) require dust
management. Various spray or tackifier substances that have been tried elsewhere have
been found to be both expensive and a short-term solution. Oils and tar sprays are also

effective only for short times. Alternative strategies, such as the use of mulches, which
are relatively inexpensive and easy to apply, may be useful.
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Wind. The persistent windy condition of the MPRC requires regular target main-
tenance. In the past, the wind has dislodged and carried away targets. Cabling
stationary targets could keep any dislodged targets in the immediate area, thus allowing
easier maintenance.

GuidCs and Lighting. Firing lane billboard guides and night lighting systems will
require upkeep, replacement, etc.

Road and Trail Maintenance. Regular maintenance of roadways and trails within
the MPRC is necessary to maintain established drainage systems and ensure the F7
corridors' sustained use. Road and trail maintenance should focus on eliminating water
movement on the roadways. The management goal should be to maintain crowned road
surfaces and bermed road shoulders in critical tocations, especially where runoff from a
road surface may initiate gullying or cause a washout on another road.

Weapon-Firing Locations. Management of weapon-firing locations on corridors
where vegetation will be or has been denuded by muzzle blast will be required. Areas
subjected to frequent flame-thrower weapon training ac~ivities will require special
management. Firebreaks around these locations may control wildfires. Noncombustible
ground cover materials, such as gravel, should be used in these areas.

Gullying. Off-road travel corridors that begin gullying will require special r
management attention. One sign of gullying is downcutting of tributary confluences with ,
Madison Creek. Downeutting will be followed by movement of gullies away from the
creek. Large pieces of rock and large quantities of aggregates will be needed to control
gullying and headwall cutting of erosion gullies. A vegetation buffer strip has been
proposed along Madison Creek and other major aquatic and stream systems. If off-road
tracked-vehicle travel corridors cause runoff to move through the buffer areas,
maintenance crews should replant corridors, install diversionary berms, be prepared to
apply mulches, and be able to restrict travel through the corridor. Vulnerable areas,
which will become obvious to maintenance crews, should be managed carefully; some
mechanism for restricting vehicle travel in these areas should be established.

Erosion Problems. Maintenance crews should watch for serious erosion problems
that threaten continued use of targets and roadways. Ma-ntenance of problem areas may
require seasonal deferral of military training activities in order to rebuild, reconstruct,
or stabilize these areas. If erosion becomes a persistent problem, rotation of use and
regular maintenance may be necessary.

Stream Channels. Construction of the MPRC will involve modifying stream and
drainage systems. Maintenance of stream channels will be necessary to stabilize new and
modified natural channels.

Temporary Training Range Maintenance. During construction of the MPRC, the
temporary training range (Range 18 Charlie) will receive unprecedented environmentally
destructive use. Therefore, a maintenance and management program to help stabilize Doo
the substrates should be established.

Shelling Areas. Maintenance crews should reestablish and recontour earth berms .4.

associated with targets and areas subjected to shelling. Weekly mulching programs may
provide the most effective stabilization.
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Environmentall Monitoring ard Resparch

Environmental monitoring has already begun at the Fort Riley .MPRC. These

monitoring projects have established a database on the characteristics of several

environmental parameters. Followup studies in the same locations using the same

methods will help determine environmental trends caused by natural processes and by

MPRC construction and use. Monitoring can also pinpoint where specific management
and maintenance strategies are needed. Monitoring, experimentation, and research can
:also show what mana:gement strategies work best for specific circumstances. Having this

information wiil save time and money. The following list provides suggested monitoring
subjects and strategies.

1. Changes in existing environmental conditions resulting from MPRC
construction and use, and from natural processes, should be monitored. This should
include specific programs to monitor:

a. Vegetation, small mammals, birds, and soil conditions using the established
study sites and methods. (This will repeat the studies conducted in the summer of 1984.)

b. Erosion problems, sedimentation, gullying, and surface hydrological
parameters. Some aspects will require detailed scientific investigations, while others
can be done or initiated by range operators and military personnel.

c. Vegetation plantings to determine erosion control success and the benefits
offered by different pianting strategies.

d. Roadway stream crossings in the MPRC and the condition of stream

channels.

e. The status of undesirable plant species and the effectiveness of control or
eradication programs.

f. The quality and volumes of water and sediments and the condition of
aquatic systems. This should include a program to monitor for nutrient enrichment,
heavv-metal toxicity problems, and the effects of hydrocarbons, such as oil, greases, and

com!,ustion fumes, that run off the land.

g. The progress of any experimental programs, including:

(1) The effectiveness of sedimentation and biological filtration pond and

basin systems. This should include an analysis of water quality and sediment quality,
sedimentation determinations, and studies of the systems' biological conditions.

(2) The effectiveness of mulching programs to:

(a) Control roadway dust

(b) Control undesirable plant species

(e) Stabilize target locations and other heavily disturbed areas

*(d) Control trackability problems on main roads through use of mulch

"to reduce mud generated by tracked vehicle use and by precipitation.
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(3) The effectiveness of experimental planting strategies designed to:

(a) Determine the best soil-stabilizing vwgetation composition and
species mixtures

(b) Determine which plants are most tolerant of soil disturbance
conditions created by military activities

(c) Determine the most cost- and time-effecitve methods of
vegetation and soil management.

Further Research Needs

Workshop discussions identified the need for additional research in several areas:

1. After the final MPRC topography is constructed, conduct additional hydrologi-
cal and water-sediment yield modeling to pinpoint problems created by changes in
topography and drainage systems.

2. Design an experimental planting program to find out which species of plants are
best suited for the various situations created at the MPRC.

3. Design and experiment with firebreak and fire guidance strategies.

4. Test the effectiveness of varying widths and configurations of vegetation
buffers and vegetation belts along stream courses and in areas believed to be most
vulnerable to erosion.

5. Study sediment loads and water quality conditions created by MPRC construe-
tion and use in Madison Creek and Milford Reservoir. This should include studies of
potential heavy-metal and enrichment problems associated with byproducts of ammuni-
tion explosions.

6. Study the ecological effects of vehicle exhaust emissions and fumes on roadside
vegetation and aquatic systems.

7. Study the socioeconomics of hay-leasing programs on the post and the effects of
the MPRC and safety fan on them. This should integrate the relationship of the MPRC
with the post's Fish and Wildlife Office functions. KI,

8. Design a study to test various weed control measures and their compatibility _
with military training activities. The study should investigate various management
strategies, including mowing, herbicide use, the most advantageous administration of fire
to control plants, and the use of mulches to smothe.- vegetation.

9. Study the environmental impacts at "Range 18 Charlie," the temporary range
being used during MPRC construction.

10. Study MPRC effects on the water quality, sedimentation rates, and biological
impacts of the Milford reservoir.

11. Investigate the effectiveness of sedimentation and biological filtration pond and -"
basin systems in minimizing sedimentation in streams, and for capture (adsorption and
bioaccumulation) of MPRC-derived pollutants (heavy metals, explosion byproducts,
etc.). This program may be able to use existing stock ponds as control sites.
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Recommendations

The workshop participants made the following design and construction recommend-
ations:

1. Design an erosion control and maintenance methods manual based on Fort Riley
experiences.

2. Develop an integrated maintenance/management and monitoring program for
the M PRC.

3. Develop a trained dedicated maintenance crew for the MPRC and adjacent
prooerties.

4. Investigate the feasibility of minimum use of restricted corridors for off-road
tracked vehicle use around the MPRC. Since degradation of land around the MPRC may
affect the complex's functions, it is advisable to implement a program restricting off-
road travel within 1 kin from the MPRC perimeter. Additional acreage may be desirable
in the most vulnerable areas, such as along Madison Creek.

5. Develop a program to coordinate deferred use of critical eroded areas in and
adjacent to the MPRC.

6. Integrate an aerial photography program with the USA-CERL Geographic
Information System for monitoring and management of the MPRC and adjacent land.
Low-altitude aerial photographs in color or color infrared could be monitored throughout
the year to determine erosion problem areas, areas in aquatic systems that are receiving
siltation, vegetation establishment problems, etc.

7. Develop and implement a fire management program for the MPRC and adjacent
lands, including the entire safety fan areas.

8. Determine if it is possible to partition seasonal use of different areas of the
MPRC or the entire range to minimize environmental impacts, especially when the range
is most vulnerable to erosion. An example would be using flame-thrower weapons only
during wetter times of the year when the chances of creating undesirable wildfires are
minimum.

9. Develop an education program and in-field program of displays to minimize
damage to the MPRC during night training activities.

w 10. Store topsoil that is displaced during construction and replace it in areas that
will receive minimum impact during MPRC use. Emplace less erodible subsoils in areas
that will only receive frequent soil-disrupting impacts. These heavier clay subsoils are
less subject to erosion and will remain in place.

11. Start a program to reestablish riparian and edge habitats lost to construction or
p. MPRC use.

12. Establish target locations away from the'most sensitive and vulnerable riparian
"e, locations and away from stream channels. Establish berms and slopes in areas that may

be destabilized by maneuvers away from principal drainages.

'I
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13. Reconsider the proposal to use a cement pad in the MPRC lanes for tracked
vehicle turnaround locations. These pads will likely be destroyed very quickly and
greatly increase MPRC costs.

14. Stockpile rocks, gravels, and mulcheL :or MPRC maintenance.

15. Redesign roads in the MPRC so that they do not cut directly across contours
from uplands to lower areas. Consider reducing the length and straightness of steeper
roads, because these will contribute to erosion problems.

16. Where possible, investigate and mitigate any potential noise problems created
by MPRC operations.

17. To minimize washing and erosion, revegetate all ditch and roadside drainage
corridors with wetland plant species, including cattails, sedges, and other locally
available plants.

'hI
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Selected Examples of Maps Produced by GRASS

These examples are provided on a limited basis to installations that have or plan to
have MPRS. They are also provided to selected U.S. Army Corps of Engineers on other
Army agencies that are involved in design or construction of MPRS. Refer to Volume I,
pages 12-17 for description of the Fort Riley database.

Map 1 is an example of using the GRASS-grid system to combine maps from two
different sources. The map includes a LANDSAT image from 7/11/83 derived using the
GRASS imagery subsystem. The image simulates a color infrared photo. Next, the
digitized boundaries of the installation and the MPRC study area were overlaid on top of
the image. To enhance the visibility of water bodies, the GRASS-imagery system was
used to classify the LANDSAT image and produce a landcover map. From this, water
bodies (lakes, reservoirs, and rivers) were extracted
and overlaid on the new map. Finally, labels and lines representing installation and
county boundaries were added. The map was produced by making a copy of the screen
and sending the file to an ink-jet printer.

Map 2 is an example use of the Distance program of GRASS-grid, which creates a
new map of distance zones based on other maps. Here, the Distance program was asked
to create a new map with distance zones of 0 to 50 m and 50 to 125 m from streams.
Using the program Paint Map, the new map was printed on the ink-jet printer at a scale
of 1:30,000 with streams (blue lines), roads (red lines), the MPRC area (black rectangle),
and a 1-km grid.

Map 3 is another example of integrating image data and hardcopy map data. Here,
a scanned aerial photo is used to produce a landcover map in the GRASS-imagery
system. Then the soils map is reclassified and masked to show erodible soils within the
MPRC training area. This is then overlaid on the landcover map, and roads are added to
show possible conflicts. The screen image is then saved and printed on the ink-jet
printer.
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